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ABSTRACT 


Physical, chemical and biological oceanographic observations are made from the 
weathership at Ocean Weather Station Papa, and between Esquimalt and Station 
Papa, on a routine continuing basis. Physical oceanography data only are 
shown, including surface observations and profiles obtained with bottle casts 
and conductivity—temperature-pressure instruments. 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P (Latitude 50° 00' N, Longitude 
145°00' W) was inaugurated in December, 1950. The station is occupied primarily 
to make meteorological observations of the surface and upper air and to provide 
an air-sea rescue service. The station is manned by two vessels operated by 
the Marine Services Branch of the Ministry of Transport. They are the CCGS 
Vancouver and the CCGS Quadra. Each ship remains on station for a period of 
six weeks, and is then relieved by the alternate ship, thus maintaining a 
continuous watch. 


Bathythermograph observations have been made at Station P since July 1952. 
A program of more extensive oceanographic observations commenced in August 1956. 
This was extended in April 1959, by the addition of a series of oceanographic 
stations along the route to and from Station P and Swiftsure Bank. These 
stations are known as Line P stations. The number of stations on Line P has 
been increased twice and now consists of twelve stations (Fig. 1). Bathythermo- 
graph observations and surface salinity sample collections, in addition to being 
made on Line P oceanographic stations, are also made at odd meridians at 40' 
i.e. 139°40' W, 141°40! W, etc. These stations are known as Line P BT sre cletee 
Data observed prior to 1968 have been indexed by Collins et al. (1969). 


The present record includes hydrographic, continuously sampled STP and 
surface salinity and temperature data collected from the CCGS Vancouver during 
the period 10 February to 29 March 1978. 


All physical oceanographic data have been stored by the Canadian Oceano- 
graphic Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests 
for these data should be directed to CODC. 


Biological and productivity data are published in the Manuscript Report 
series of the Fisheries Research Board of Canada (FRB), Pacific Biological 
Station, Nanaimo, British Columbia, Canada. Requests for these data should 
be directed to FRB. 


Marine geochemical data are for the Ocean Chemistry Group, Ocean and 
Aquatic Sciences, Environment Canada, Institute of Ocean Sciences, P.O. Box 
6000, Sidney, British Columbia, Canada, V8L 4B2. 


(P-78-2) (CODC Ref. No. 


PROGRAM OF OBSERVATION FROM CCGS VANCOUVER, 10 FEBRUARY - 29 MARCH 1978 
re EO RMART ~ £7 MARCH 19/0 
15-78-002) 


Oceanographic observations were made by Mr. B. Whitehouse of Seakem Oceano- 
graphy Ltd., Sidney, B.C. 


En Route to Station P 


Line P Stations 5, 10 and 12 were occupied and an STP profile made to near 
bottom or 1500 metres. One hydrocast was made at Station 10 to 1500 metres. 
Stations 1 to 4 were cancelled by the bridge due to a delayed departure from 
Esquimalt, B.C. 


Samples for salinity, nitrates, nutrients, alkalinity and total CO. were 
collected at Stations 10 and 12 from the seawater loop. Bucket salinity, 
nutrient and nitrate samples were collected at Station 5. Surface bucket 
temperatures were taken at Stations 5, 10 and 12. The samples usually taken 
at other stations were missed due to a malfunction in the seawater loop. 


A surface tarball tow was made at Station 10. 

The surface temperature recorder and PCO System were run continuously. 
The thermosalinograph ran from Esquimalt harbour to Station J-2-A and from 
Station, 12 te »P: 

Mechanical BT's were taken at Stations 5, 10 and 12, XBT's were taken 


at Stations 2 to 4, 5% to 9k, 104 to 11 and 124. Station 1 was missed due to an 
equipment malfunction and Station 11 was missed due to rough weather. 


On Station P 
The oceanographic program was carried out as follows: 


1) Profiles for salinity, temperature and oxygen were obtained from 5 hydro- 
casts to 4200 metres. 


2) Thirty-four STP profiles to 1500 metres were obtained. 
3) BT's were taken every 3 hours to coincide with meteorological observations 
and encoded and transmitted according to the IGOSS format. XBT's were 


taken during rough weather. 


4) Salinity samples were collected daily at 0000 hrs GMT from either the 
seawater loop or a bucket. 


5) Twenty-one extra STP profiles were obtained to 300 metres from triangle 
grids set up by Cruise 15-77-006 as part of the MILE program. 


1) Nutrient and salinity samples were collected daily at 0000 hrs GMT from 
either a bucket or the seawater loop. A 24-hour series for nutrients was 
also completed, with a sample taken every hour. Two profiles for nutrients 
and one profile for tritium to 500 metres were taken. One bucket Sento 
and one rainwater sample for tritium and 4 rainwater samples for Pb!" were 
collected. 


2) Alkalinity and total co samples were collected about every three days from 
a bucket or the seawater loop. One profile to 500 metres was taken. 


3) Air CO, samples were collected in quadruplicate on Sundays, Extra samples 
were collected on Thursdays. 


4) Six surface tarball tows were completed. 
5) PCO, carboys were filled in duplicate every week, 


6) One sample each of seawater C-14, seawater C-13 and air C-13 was collected. 


Biological Oceanography; 


——— ee ee ee ee oe Se ee 


1) Five 150 metre vertical plankton hauls. 
Two 1200 metre vertical plankton hauls, 
Two groups of subsurface plankton hauls were taken on 3 consecutive nights 
at sunset. Another group of hauls was started, but cancelled due to rough 
weather. 

2) Five Secchi disc readings taken at local noon. 


3) Two profiles to 200 metres for each of plant pigment and nitrate were obtained, 
as well as 4 surface samples each, 


4) Two profiles to 500 metres for chlorophyll a were obtained. 


En Route from Station P 


Line P Stations 12 to 1 were occupied and an STP profile made to 1500 metres 
or to near bottom. A hydrocast to 1500 metres was completed at Station 6. 


Samples for nutrients, nitrates, alkalinity, salinity and total CO, were 
collected at Stations 12 to 1 from the seawater loop. Surface bucket témperatures 
were taken at Stations 12 to l. 


Surface tarball tows were made at Stations 12, 10, 8, 6, 4 and 2. 


The surface temperature recorder and PCO, system were run continuously. 
The thermosalinograph was not run since the seawater loop was malfunctioning. 


Mechanical BT's or XBT's were taken at Stations 12 to l. 


Observations for Other Agencies 


1) Marine mammal observations were made by the ship's officers for Mr. I. 
McAskie, Fisheries Research Board of Canada, Pacific Biological Station, 
Nanaimo, British Columbia, Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiguet, Curator 
of Birds and Mammals, Provincial Museum, Department of Provincial Secretary 
and Travel Industry, Victoria, British Columbia, Canada. 


3) Air CO, samples were taken weekly in duplicate for Scripps Institute of 
Oceanography, La Jolla, California, U.S.A, 


Data were processed for publication by Ms. M. Sainsbury of Seakem Oceano- 
graphy Ltd., Sidney, B.C. 


OBSERVATIONAL PROCEDURES 
a SUV EUR DD 


Observations for salinity, oxygen and temperature from all hydrographic 
casts, including the surface, were obtained with Niskin water sample bottles 
equipped with either Richter and Wiese and/or Yoshino Keiki Co. reversing 
thermometers. Two protected thermometers were used on all bottles and one 
unprotected thermometer was used on each bottle at depths of 300 metres or 
greater. The accuracy of protected reversing thermometers is believed to be 
tO 502°C, 


The daily surface water tem eratures were measured from a bucket sample 
using a deck thermometer of +0.1 C accuracy. The daily surface salinity 
samples were obtained from the seawater loop. When the seawater loop was not 
operational these samples were obtained with a bucket, and are indicated with 
a 'b' in this data record. 


Salinity determinations were made aboard ship with either an Autolab 
Model 601 Mark III inductive salinometer or a Hytech Model 6220 lab salinometer. 
Accuracy using duplicate determinations is estimated to be 205003 J / oo. 


Depth determinations were made using the "depth difference" method des~ 
cribed in the U.S.N. Hydrographic Office Publication No, 607 (1955). Depth 
estimates have an approximate accuracy of +5 metres for depths less than 1000 
metres, and +0.5% of depth for depths greater than 1000 metres, 


The dissolved oxygen analyses were done in shipboard laboratory by a 
modified Winkler method (Carpenter, 1955), 


Line P engine intake continuous temperature on both ships was recorded 
by a Honeywell Electronik 15 Recorder. The temperature probe is at a depth 
of approximately 3 metres below the sea surface and the instrument accuracy 
is believed to be +0.1°, 


Each ship is equipped with a Plessey Model 6600-T thermosalinograph which 
is used, on Line P, for continuous recording of surface temperatures and sal- 
inities from the ship's seawater loop. The temperature probe is mounted at 
the seawater loop intake (approximately 3 metres below the surface) and the 
salinity probe and recorder are situated in the dry lab. The accuracy of this 
instrument is believed to be +0.1°C for temperature and +0.1 °/oo for salinity. 


STP profiles. were taken with a Guildline Model 8700 STP system. 


COMPUTATIONS 


All hydrographic data were processed with the aid of an IBM 370 computer 
and a UNIVAC 1100 computer. Reversing thermometer temperature corrections, 
thermometric depth calculations and accepted depth from the "depth difference" 
method were computed. Extraneous thermometric depths caused by thermometer 
malfunctions were automatically edited and replaced. A Calcomp 565 Offline 
Plotter was used to plot temperature-salinity and temperature-oxygen diagrams, 
as well as plots of temperature, salinity and dissolved oxygen vs 10846 depth. 
These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas inter- 
polation method (Reiniger and Ross, 1968). These data are indicated with an 
asterisk in this data record. 


Data values which we suspect but which we have included in this data re- 
cord are indicated with a plus. These data have been removed from punch card 
and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument have been 
machine digitized, then replotted using the Calcomp plotter. 


Digitization was continued until original and computer plotted traces were 
coincident. Temperature and salinity values were listed at standard pressure; 
integrals (depths, geopotential anomaly, and potential energy anomaly) were 
computed from the entire array of digitized data. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

S IGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 
SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) 9 
POT EN is potential energy in units of 10° ergs/cm 
OXY is the concentration of dissolved oxygen expressed 


in millilitres per litre 
SOUND is the velocity of sound in m/sec 


REFERENCES 


Carpenter, J.H., 1965. The Chesapeake Bay Institute technique for the Winkler 
dissolved oxygen method. Limnol. and Oceanogr, 10, 141-143. 


Collins, C.A., R.L. Tripe, D.A. Healey and J. Joergensen, 1969. The time 
distribution of serial oceanographic data from the Ocean Station P 
programme. Fish. Res. Bd. Can. Tech. Rept. No. 106. 


MacNeill, M., 1977. A study of anomalous salinity and oxygen values in the 
deep water at Ocean Station P from 1960-1976 (unpublished manuscript). 
Pacific Marine Science Report 77-9, 


Reiniger, R.F. and C.K. Ross, 1968. A method of interpolation with application 
to oceanographic data. Deep Sea Res, 15, 185-193. 
. 
U.S.N. Hydrographic Office, 1955. Instruction Manual for oceanographic observa- 
tions. Publ. No. 607. 


LOG OF HYDROGRAPHIC AND STP OBSERVATIONS 


Consec # iim) ee Date (%) Time (3%) STP (m)| Hydrocasts (m) |Comments 


a: 11/02/78 

2 12/02/78 

3 12/02/78 res 

4 13/02/78 

5 E 13/02/78 

6 iz 15/02/78 

i P 16/02/78 

8 P 17/02/78 

9 P 19/02/78 

10 E 20/02/78 

11 P 22/02/78 

i he? P 23/02/78 

i P 23-24/02/78 T, S, 0, 
14 e 24/02/78 

LS P 25/02/78 

16 ip 25/02/78 Tes 0, 
Li Ee 26/02/78 

18 e 27/02/78 
19 P 27/02/78 Biological 

Cast 

20 P 28/02/78 

21 Pe 01/03/78 

Ze Pr 01/03/78 y bee ys 05 
23 1, 02/03/78 | 

24 P 02/03/78 Ty 2s 0, 
25 P 03/03/78 

26 le 04/03/78 

27 e 05/03/78 

28 P 06/03/78 

29 Pr 07/03/78 
30 P 08/03/78 
ok Ee 09/03/78 
32 Pp 09/03/78 Delgo oe 
53 P 10/03/78 
34 P 11/03/78 

35 e 12/03/78 
36 Pe 13/03/78 

37 P 14/03/78 

38 P 15/03/78 
39 E 15/03/78 T, $, 0» 
40 lk 16/03/78 

41 |e 16/03/78 T, S 

42 P 17/03/78 

43 iy 18/03/78 

44 Pe 23/03/78 rT, 3, 0, 
45 P 23/03/78 

46 2 24/03/78 

47 P 25/03/78 


LOG OF HYDROGRAPHIC AND STP OBSERVATIONS (Continued) 


Positions 


Date (4) 


25/03/78 


26/03/78 
27/03/78 
27/03/78 
27/03/78 
27/03/78 
28/03/78 
28/03/78 
28/03/78 
28/03/78 
29/03/78 
29/03/78 
29/03/78 
29/03/78 


Time (4) 


STP (m)|Hydrocasts (m)| Comments 


200 


1,500 
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Oceanographic Data Obtained on Cruise P-78-2 


(CODC Reference No. 15-78-002) 
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Results of Hydrographic Observations 


(P-78-2) 
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Figure 2. Composite plot of temperature vs 
log16 depth for Line P Stations. 
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Figure 3. 
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Composite plot of salinity vs log, 9 
depth for Line P Stations. 
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Composite plot of temperature vs 10819 


depth for Station P. 
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Figure 5. 
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Composite plot of salinity vs log 
depth for Station P. 


34.50 


10 


35.50 


DEPTH, METRES 


X100 


WS IG Ui — us 


18 


OXYGEN, ML/L 
4.00 6.00 8.00 10.00 


0.00 2.00 


“O03 ~J 03 U1 


re 


X10 


—BHo8Iig ui = ww 


Mw 


x1000 
n 


ue w 


Figure 6. Composite plot of oxygen vs lo 
depth for Station P. 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO, 78= 2= 3 DATE 12/ 2/78 
POSITION 49-3440 Ne 138-40.0 WwW 

OBSERVED DATA 


PRESS TEMP SAL DEPTH SIGMA SVA 
T 

0 6-667 32613 0 25-608 238.8 

10 6675 32-614 10 25.601 239.6 

20 6-70 32-611 20 25.603 239.6 

2g 6-67 32-612 29 25-607 239.3 

49 6-69 32-612 49 25.605 239.8 

99 6010 334136 98 26.092 194.0 
148 5-60 33-4759 147 26.645 14261 
197 5-06 334840 196 264.772 130.4 


295 4.39 33.903 293 26.896 119.2 
393 4.13 33.997 390 26.998 110.3 
490 3°92 34.087 486 27.091 102.61 
587 3-70 34.162 SO2Zub eel Lo 95.0 
782 3e31 34.278 T (Ome 6505 83.6 
SHUTS 3-00 34.360 968 27.397 7504 
1174 gelan S4e4e8. . 116235 27.476 68.5 
1473 2637 34-503 1457 27.566 60.6 


INTERPOLATED TO STANDARD PRESSURE 


RRESS TEMP SAL DEPTH SIGMA SVA 
T 

0 6.67 32613 0 25-608 238.8 
10 6.73 324614 10 25-601 259.6 
20 6-70 32-611 20 25-603 239-6 
30 6-67 32-612 30 25-607 239.3 
50 6.68 32623 50 25-615 238.48 
75 6.33 32-928 75 25-899 212.1 
100 6.08 33-4157 99 264.111 192-62 


125 5.81 330499 124 26.415 163-47 
150 5-57 33-763 149 26-651 141.6 
Lis 5-29 33-806 174 «262719 13562 
200 5.04 334842 199 26.776 130.0 
een 4.84 33-860 223 26.813 126.7 
250 4.67 33-877 248 26-6846 123-8 
300 4.38 33-908 298 26.902 118-7 
400 G4e11 34.004 397 27.006 109-46 
500 3.90 34.095 496 27.100 101.35 
600 3-67 34.171 595 27.183 94.1 
700 3e46 342233 694 27.253 8729 
800 3.28 34.286 793 27.313 82.7 
900 3e11 34-350 892 27.362 78.4 
1000 2.96 34-3569 990 27.407 74.5 
1200 2669 34-435 1188 27.485 67.7 


GMT 


THETA 


6-67 
6.73 
6.70 
6-67 
669 
6.09 
559 
5.04 
4.37 
4.10 
388 
366 
3226 
2.93 
2-64 
2.27 


THETA 


6-67 
6073 
6-70 
6.67 
6.67 
6-33 
6.07 
5-80 
5.56 
5-27 
5.02 
4.82 
4.65 
4.35 
4.08 
3.86 
3.63 
341 
3.22 
3.05 
2.90 
2-60 


20.7 


SVA 
(THETA) 
238-8 
239.5 
239.3 
238.9 
23961 
192.7 
140.2 
128.1 
116-3 
106-6 
9707 
89.9 
7765 
68.5 
60.9 
5203 


SVA 
(THETA) 
238-8 
23905 
23903 
2389 
238-2 
211-61 
190-9 
162.1 
139.7 
13561 
127-7 
124.2 
121.61 
115.7 
105-8 
96-8 
88-9 
82-35 
766 
71.8 
67-5 
60.0 


STATION 


DELTA 
D 
00 
024 
048 
70 

1.19 
2.25 
3.07 
3674 
4.96 
6.08 
7ell 
8.06 
9-80 

11.34 

12.75 

14.68 


DELTA 
D 
200 
024 
048 
072 

1.20 
1.77 
2027 
2.72 
3210 
3044 
Sietad 
4.09 
441 
5-01 
6015 
Teal 
8-18 
9-09 
9.94 

10.75 

11.51 

12.95 


10 


POT. 
EN 
00 
01 
05 
ell 
031 
067 

1e12 

1.63 

216 

2073 

3236 

4.06 

4.81 

6-51 

10.58 
1541 
20-88 
26-90 
33042 
40.39 
47.79 
63-69 


OxY SOUND 


OXY 


1475. 
1475. 
1475. 
1475. 
1475. 
1475. 
1474, 
1473. 
1472. 
1472. 
1473. 
1474, 
1476. 
1478. 
1480. 
14835. 


SOUND 


1475. 
1475. 
1475. 
1475. 
1475. 
1475. 
1475. 
1474. 
1474. 
1473. 
1473. 
1473. 
1472. 
1472. 
1473, 
1473. 
1474, 
1475. 
1476. 
1477. 
1478. 
1480. 


22 


10.00 


6.00 


30 


SALINITY, O/O00 
32.50 33.50 34.50 35. 


31.50 


90 


* 50. 


%.00 


non = MW or-oo- 


porX 
S3¥19W‘* HI Ja0 


no F i ie-oo- eu 


< DIX 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
2) 


1e=~s2= 13 

00 Ne 145=-] 

SAL LEPTH 
32-803 0 
322795 10 
32.804 20 
32-799 29 
32-799 50 
32-800 7S 
32-796 101 
33-349 127 
33-717 154 
33-793 181 
33.819 208 
33-872 261 
33-942 314 
34-050 416 
34-148 509 
342214 587 
34.310 781 
34.388 981 
342455 1181 
34.2558 1480 
34.602 1977 
34.637 2472 
34-666 2967 
34-668 3462 
342697 3959 
54.690 4059 
534.2692 4149 
34.693 4159 


DATE 23/ 2/78 


eO W 


SIGMA 


T 
25-921 
25.924 
25.931 
252929 
25.2929 
25-929 
25-927 
26.457 
26.737 
26.805 
26.843 
26.919 
26.982 
27.079 
272169 
27.236 
27-341 
27-430 
27.508 
27.618 
27.680 
27-725 
27.759 
27.763 
27.788 
27.782 
27.783 
27.783 


TO STANDARD PRESSURE 


SAL 


32803 
32-795 
32-804 
32.799 
32.799 
32-800 
32-796 
33-294 
33-653 
33-774 
33-810 
33-8356 
33-860 
332922 
34-032 
342135 
34-218 
34.270 
342315 
342355 
342391 
34458 
34.558 
34-602 
342637 
34.665 
34-668 
34.696 
34.692 


POSITION 
OBSERVED DATA 
PRESS TEMP 
0 5.34 
10 5-26 
20 5426 
29° 5.24 
50 5.24 
75 5625 
102 5-24 
128 =64..40 
155 4.50 
182 4.43 
200] 4.27 
263 3.94 
316 3.86 
419-3475 
S73) 363 
592 3.48 
788 3.18 
991 2.88 
1193 2.60 
1496 2.27 
2001 91.93 
2506 1.71 
S011) 1557 
3517 1.54 
4027 1.51 
4129 1.52 
4222 1.52 
4232 1.53 
INTERPOLATED 
PRESS TEMP 
OF 5,34 
10 5.26 
20 5-26 
30 5.24 
50 5.24 
75 5025 
100 5-24 
125 4.48 
150 4.48 
175.4645 
200 4.32 
225) 4.17 
250 4.01 
300 3.88 
400 3.77 
500 3465 
600 3.47 
700 3.430 
800 3.16 
900 3.01 
1000 2.87 
1200 2.59 
1500 2427 
2000 1.93 
2500 171 
3000 1.57 
3500 1.54 
4000 1.451 
4100 1452 
1.52 


34.692 


DEPTH 


SIGMA 
T 

25-921 
25.924 
25-931 
25-929 
25.929 
25.929 
2oesed 
26-404 
26.689 
26.788 
26-830 
26-867 
26.902 
26.964 
27.063 
272157 
27-241 
27.297 
27-346 
27-393 
27-434 
27-511 
27.619 
27.680 
27.725 
27.758 
27.763 
27.787 
27-784 
27-783 


23 


SVA 


20961 
208.9 
208.3 
208.6 
208.8 
209.1 
209.5 
159.3 
133.0 
126.9 
123.5 
116.5 
110.9 
102.5 
94.7 
88.8 
79.8 
T7201 
653 
55°5 
505 
46.9 
44.5 
45.3 
44.2 
451 
4501 
4503 


SVA 


209.1 
208-9 
208.3 
208.6 
208.8 
209-1 
20965 
164.3 
137.6 
128.4 
124.6 
121.3 
118.1 
112.5 
1039 
95.7 
88.4 
8365 
7963 
75035 
71-8 
65.0 
55-5 
50-5 
47.0 
44.6 
45.3 
44.2 
44.8 
451 


GMT 


THETA 


5.34 
5426 
5.26 
5.24 
5.24 
5.24 
5.23 
4.39 
4.49 
4.42 
4.25 
3.92 
3.84 
3.72 
3.59 
3.44 
3213 
2.81 
2.52 
2.47 
1079 
1.53 
1635 
1%27 
1618 
1.18 
dol? 
1.18 


THETA 


5-34 
5026 
5-26 
5224 
5-24 
5024 
5-23 
447 
4.47 
4.43 
4.31 
4.15 
4.00 
3-86 
3674 
3.61 
3042 
3226 
3011 
2694 
2-80 
2051 
2017 
slere 7A, 
1.54 
1.35 
1.27 
1 bre Wee) 
1.18 
1.17 


18.8 


SVA 
(THETA) 
20961 
208-8 
208-1 
208-3 
208-2 
208.3 
206-4 
158.1 
131.5 
125.0 
121.5 
114-2 
10861 
98.9 
90.3 
839 
Yess 
6503 
57.9 
4703 
41.2 
3607 
3303 
3206 
298 
304 
3001 
30 el 


SVA 
(THETA) 
20961 
208-8 
208-1 
208.3 
208-2 
208-3 
208-4 
16361 
1361 
126.7 
122.6 
119.2 
115.8 
109-9 
100.5 
91-5 
83-5 
78el1 
7304 
68-9 
65.0 
57-6 
47.3 
41.2 
3608 
3363 
326 
30.0 
30-2 
30-2 


STATION RP 
DELTA POT. 
D EN 

e00 e00 
21 001 
042 204 
061 209 
1-05 eel 
1.58 e61 
2el12 1-10 
2-61 1.66 
3-00 2e23 
3-35 2-84 
3.69 Sede 
4.33 5.06 
4.94 6-85 
6604 10.96 
6.96 15-36 
7269 19.42 
9-34 31-00 
10.87 44.89 
12.26 60-37 
14.09 85-43 
16-76 133-00 
19.21 189-25 
21-51 254.05 
230677 329219 
26-06 417218 
26.52 436.19 
26-93 453-94 
26-98 455.94 
DELTA POT. 
D EN 
-00 e00 
e2l 001 
42 004 
063 e10 
1-05 e27 
1-58 061 
2.09 1-07 
2.56 1.60 
2.93 213 
3-26 2.67 
3-58 3.27 
3-88 3.94 
4.18 4.66 
4.76 6027 
5.84 10-12 
6.84 14.70 
7.76 19.85 
8.62 25-54 
9-43 31-76 
10.20 38 045 
10.94 45.58 
12-31 60.91 
14.11 85-73 
16-75 132-85 
19.18 188-58 
21-46 252657 
23-69 326640 
25-94 412436 
26-38 430-67 
26-84 449-74 


OxY 


6.98 
6.96 
6.95 
7.00 
7.02 
6.92 
6.95 
5040 
3.88 
3.39 
3.10 
2.46 
2.02 
1.37 

98 

70 

069 

69 

64 

091 
1.52 
2.08 
2.70 
3.05 
3.37 
3.30 
3.26 
3.30 


OXY 


6.98 
6.96 
6.95 
7.00 
7.02 
6.92 
6.94 
5-55 
4.14 
3.52 
3.20 
2.90 
2.60 
2014 
1.48 
1.03 

a0 

69 

69 

69 

269 

°65 

092 
1.52 
2.08 
2.68 
3.03 
3.36 
3.32 
3.227 


SOUND 


1469. 
1469. 
1469, 
1470. 
1470. 
1470. 
1471. 
1468. 
1470, 
1470. 
1470, 
1469, 
1470. 
1471. 
1473. 
1475. 
1475. 
1478. 
1480. 
1483. 
1490. 
1498. 
1506. 
1515. 
15235. 
15255 
1527. 
1S2ite 


SOUND 


1469. 
1469. 
1469. 
1470. 
1470. 
1470. 
1471. 
1469. 
1470. 
1470. 
1470. 
1470. 
1469. 
1470. 
1471. 
1472.6 
1473. 
1474. 
1475. 
1477. 
1478. 
1480. 
1484. 
1490. 
1498. 
1506. 
1514. 
1525. 
1524. 
1526. 


24 


10.00 


6.00 


2.00 


SALINITY, 0/00 
32.50 33.50 34.50 35.50 


31.50 


30.50 


S3¥13W ‘HI dag 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NO-e 78= 2= 22 
POSITION S0- «0 Ne 145 
OBSERVED DATA 


PRESS TEMP SAL  UEPTH 


) 5°38 32-805 0 

9 5°45 322808 2) 
18 539 32-806 18 
eu, 5-32 32-811 Zar 
45 5037 32-819 45 
68 Se32 326815 68 
ae 5e25 32-825 91 
116 4.78 334327 11S 


140 4.92 33-756 139 
164 4.62 33-813 163 
188 4.44 33-828 187 
239 4.17 33-882 eo 
289 4.05 33.991 287 
391 3-84 34.037 388 
493 32670 34.117 489 
595 3-53 34-200 ° 590 
783 3014 34.320 776 
985 2686 34-388 975 
1186 2ce61 342447 1174 
1489 2e32 34.506 1473 
1995 1.96 34.591 1971 
2502 1.74 34.643 2468 
3009 1.59 34.658 2965 
3517 1.52 34.661 3462 
4026 1.53 34.691 3958 
4127 1.51 354.692 4057 
4220 1.52 34.693 4147 
4230 1.52 34.681+ 4157 


DATE 
°O W 


SIGMA 
T 
25.918 
25.912 
25.918 
25-930 
25-930 
25-933 
25.949 
26.398 
26.722 
26.800 
26.832 
26.903 
27.002 
27.060 
elel dT 
27.220 
27.352 
27.432 
27-501 
27.572 
27.669 
27.728 
CTeAteyl 
27.775 
27.782 
27.784 
27.784 
27.775 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 


0 5-38 326805 0 
10 9044 324808 10 
20 5037 326867 20 
30 5033 32-813 30 
50 5e36 32-818 50 
75 5e30 32818 75 

100 5007 33-4013 99 
125 4.84 33-500 124 
150 4.79 33-781 149 
75 4.54 334820 174 
200 4o37 334842 199 


225 4.24% 33-868 2e5 
250 4.14 33-908 248 
300 4.02 33.997 298 
400 3e83 34.2045 397 
500 3069 346123 496 
600 3-52 34.204 595 
700 3e30 34-271 694 
800 Sell 34.2326 795 
900 2.97 34361 891 
1000 2e84 3443593 990 
1200 2-60 34.450 1188 
1500 2e31 34-508 1483 
2000 1.96 34.592 1976 
2500 1.74 34.643 2467 
3000 1.59 34.658 2956 
3500 1.52 34.680 3445 
4000 1.53 34.691 3933 
4100 1.52 34.692 4030 
4200 1.52 34.693 4128 


SIGMA 
A 

25-918 
25-913 
25-921 
25-930 
25.931 
25-938 
266117 
26.529 
26.756 
26.815 
26.850 
26.885 
26.927 
27.009 
27.067 
276143 
27-224 
27.298 
27.360 
27-401 
272438 
27.505 
27.575 
27.670 
27.728 
27-751 
27-774 
27-781 
27.783 
27-784 


25 


1/ 3/78 


SVA 


209.4 
210.0 
209.6 
208.5 
20867 
208.6 
207.3 
164.9 
134.5 
127.2 
124.4 
118.0 
109.0 
104.2 
97.6 
90.4 
78.6 
71.9 
65.9 
59.9 
51.6 
46.9 
45.4 
44.1 
44,9 
44.8 
4561 
45.9 


SVA 


209.4 
209.9 
209.3 
208-5 
208.6 
208-2 
191.4 
152.6 
131.3 
125-9 
122.8 
119.6 
115.8 
108.4 
103.6 
97.0 
90.0 
83.4 
78.0 
74.5 
71.4 
656 
59.7 
51.6 
46.9 
454 
44.2 
44.8 
44.8 
45.0 


GMT 18.2 
THETA SVA 
(THETA) 
5-38 209.4 
5°45 209.9 
5-39 209.4 
5-32 208.2 
5-37 208.2 
Se31 207-9 
5-24 206.4 
4.77 =16367 
4.91 132-9 
4.61 125.5 
4.43 122.5 
Choe topes eGyAr4 
4.03 10663 
3-81 100.7 
3.67 93-3 
3049 85.5 
3.09 728 
2e79 65062 
2053 586 
2022 51-6 
1.82 42.3 
1.56 3665 
1.37 34.0 
1.25 Lies 
1.20 3004 
1.17 30el 
1.17 3061 
1.17 31.0 
THETA SVA 
(THETA) 
5.38 209.4 
5e44 209-8 
5.37 20961 
Se 55) .208iae 
5-35 208-1 
5-29 207-4 
5.07 190.4 
4.83 151.3 
4.78 12927 
4.52 124.1 
4.36 120-8 
4.22 117-4 
4.12 113-4 
4.00 105.6 
3.80 100-0 
3.65 92.8 
32648 B5el 
3225 78-0 
3.06 T2el 
2.91 6802 
Dietlan 64.6 
2e51 58e2 
2021 51.4 
1.82 4H¥2e2 
1.56 365 
1.37 34.0 
1.25 31-5 
1.21 30.5 
1.18 30-2 
ely 3001 


STATION 


DELTA 
D 
°00 
019 
°38 
057 
°95 


DELTA 
D 
00 
e2l 
e42 
0035 

1.05 
1.57 
2.09 
2051 
2.86 
3018 
3049 
3.79 
4.09 
4.65 
5e71 
6071 
7265 
8-51 
9.32 

10.08 

10.81 

12.17 

14.05 

16.85 

19.29 

21.58 

23-81 

26.03 

26247 

26-92 


P 


POT. 
EN 
00 
01 
©04 
08 
022 
250 
°90 

1.37 

1-84 

2033 

2-87 

4.20 

5074 

951 

14.15 
19.46 
30 654 
44.15 
59046 
85-42 
135-35 
192644 
25762 
33320 
419-80 
438073 
456.37 
45838 


“POT. 
EN 
200 
eO1 
004 
e10 
e27 
60 

1.06 
1.55 
2.03 
2.56 
3.16 
3.81 
4.53 
6-09 
9.88 

14249 

19.72 

25-46 

3160 

3821 

45-27 

60.57 

86239 

135.84 
192-26 
256-40 
33049 
415.10 
433.62 
452.58 


OxY SOUND 
7.07 1470. 
7614 1470, 
7e1Br N70. 
7613) 1670. 
7.72+ 1470, 
7816) N74 
TAL AAV. 
5.80 1470. 
#514 C1674» 
Set] \<fG71. 
3.20 1470. 
2.56 1470. 
2.32 1470. 
VS TET. 
1is12 . 4472. 

-80 1474, 

S77 MINTS. 

<OT WLUTT « 

-80 1480. 

-88 1484, 
1.44 1490. 
2.19 1498, 
2.48 1506. 
5.009 (2514. 
3.29 1523. 
3431), : 1525. 
3522415276 
3.19+ 1527. 
OxY SQUND 
Tah? Fi4a05 
7.158. 14203 
7617 1530s 
7.25 1470. 
7.59 1470. 
760 1471. 
6.62 1470. 
Sw iSmclhi. 
3.85 1471. 
3.34 1470. 
3.04 1470. 
Pore ALO. 
2.50 1470. 
2623 WAT Ls 
1.53. 1471. 
1.10 1473. 

.80 1474, 

.78 «1474, 

se MatS. 

tim dete. 

+68 1477. 

+80 1480. 

-89 1484, 
1.45 1491. 
2.19 1498, 
2.48 1506. 
2.99 1514, 
3.28 1523. 
3.31 1524. 
3.24 1526. 


10.00 


8.00 


C 
10.00 


20 


TEMPERATURE, 


2.00 


16.00 


13.00 


7,00 


4,00 


Nero vom enero vm enero au © 
DIX potX o0DtX 


S3¥13W ‘HI dag 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 78— 2= 32 
POSITION 50- «0 Ne 145- 
OBSERVED DATA 


PRESS TEMP SAL LEPTH 


0 5.20 32-820 0 
10 Sel/ 320825 10 
20 5.20 32829 20 
30 5-18 32-825 30 
49 5.18 3246824 49 
74 5.17 32-824 74 
99 Sal 7), 520825 98 


124 470, 330879 123 
148 4.81 33-786 147 
173 4.62 33-831 172 
197 446 33-844 196 
247 4.14 33-871 245 
296 4.00 33-913 294 
596 3-83 34.020 593 
498 3e74 340122 49Q4 
602 SDS Otel 90 8 S97, 
760 3e24 34-266 753 
949 2.95 34-370 940 
1140 2.69 346427 1128 
1428 2239 344496 1413 
1914 2-01 34.579 1891 
2401 1.78 34-632 2369 
2884 1.63 34.661 2843 
3359 1.54 34-651+ 3308 
3820 1.51 34.690 3708 
5911 1.54 34+.674+ 3846 
3992 1.51 34-688 3925 
4000 1.51 34.672 3933 


27 


DATE.) PY 35/76 


00 W 


SIGMA 
T 

25.951 
25.958 
25-958 
25.957 
25-956 
25-957 
25.958 
26.527 
26.758 
26.815 
26.842 
26.897 
26-945 
27.047 
27.2137 
27.210 
27.2316 
272409 
272478 
27.559 
27.656 
27.716 
27-750 
272749 
27-782 
27.767 
27-781 
27.768 


INTERPOLATED TO STANDAKD PRESSURE 


PRESS TEMP SAL DEPTH 


0 5.20 32-820 0 
10 Salve 026825 10 
20 5.20 32.829 20 
30 5-18 32-825 30 
50 5218 32824 50 
tS: 5017 326824 75 

100 5014 324864 99 


125 “.7iy 335495 124 
150 4.79 33-4790 149 
L775 4.61 33-832 174 
200 4.44 33-846 199 
225 4.27 33-860 223 
250 4.13 33-874 248 
300 3299) 5350918 298 
400 3-83 34.024 397 
500 3e74 34-123 496 
600 3.55 34.189 595 
700 3e35 342252 694 
800 3217 34-305 793 
900 3.02 34.350 B91 
1000 2.88 34.386 990 
1200 2-62 34.443 1188 
1500 2.33 34-510 1483 
2000 1.97 344589 1976 
2500 1.75 342638 2467 
3000 1.61 34.658 2956 
3500 1.53 34.663 3445 
4000 1.51 34672 3933 


SIGMA 
i 

25.951 
25-958 
25.958 
25.957 
25-2956 
25-957 
25.992 
26.2539 
26.763 
26-817 
26.845 
26.875 
26.901 
26.950 
27.051 
27-139 
27.209 
272279 
272338 
27-387 
272429 
27.497 
27.575 
27.668 
27.724 
27.750 
27.760 
27.768 


SVA 


206.3 
20567 
205-8 
206.0 
20602 
206-4 
206.5 
152.7 
135161 
126.0 
123.5 
118.5 
114.4 
105.4 
977 
91.4 
B21 
74.0 
68.0 
61-1 
52.8 
47.9 
4563 
4601 
GY ot 
45.9 
44.7 
45.8 


SVA 


206.3 
20567 
205-8 
206.0 
20602 
20664 
203-3 
151.6 
130-7 
125-8 
12362 
120.6 
118.3 
114.0 
10561 
97-5 
9165 
8563 
B0e2 
7529 
7263 
6664 
59.7 
51.8 
473 
45.5 
4565 
45.8 


GMT 


THETA 


5-20 
5.17 
520 
5-18 
5-18 
5-16 
5-16 
4.69 
4.80 
4.61 
4.45 
4.12 
3-98 
3-80 
3-70 
3-51 
3019 
2-89 
2.61 
2029 
1.88 
1.61 
1.42 
1.28 
1.21 
1.23 
1.19 
1.19 


THETA 


5-20 
5.17 
5-20 
5.18 
518 
5016 
5013 
4.70 
4.78 
4,59 
4.43 
4.26 
Geil 
3097 
3-80 
3-70 
351 
3-30 
3.12 
2296 
2081 
2254 
2.22 
1.83 
1.57 
1.38 
1.26 
1.19 


18.2 


SVA 
(THETA) 
206-3 
2056 
205-6 
20507 
20567 
205-6 
205-5 
151.4 
129.5 
124.1 
121.5 
116.2 
111.7 
101.9 
93.3 
86.4 
7603 
6763 
60.7 
53.0 
436 
370-6 
34el1 
34.0 
30.5 
31-9 
30.5 
31-8 


SVA 
(THETA) 
206.3 
2056 
20506 
205-7 
205-7 
205-6 
202-3 
150.3 
129.1 
123.9 
121.2 
118.4% 
115-9 
111-3 
101.6 
9302 
86-5 
7908 
THe2 
69-4 
6564 
59.0 
51-4 
424 
3609 
34el 
32-9 
31-8 


STATION ie 


DELTA 
D 
00 
e2l 
e4] 
062 

1.02 
1.54 
2.05 
2.50 
2.84 
3017 
3.47 
4.07 
4.64 
5-74 
6.77 
Thats 
9.12 

10.59 

11.94 

13.80 

16.56 

19.00 

21224 

2342 

25-48 

25-89 

26624 

26028 


DELTA 
D 
200 
eel 
eG) 
262 

1.03 
1-55 
2.08 
2.52 
2-87 
3219 
3.50 
3-80 
4.10 
4.68 
5-78 
6079 
7-73 
8-62 
9e45 

10-22 

10.96 

12.35 

14.23 

17.01 

19.47 

CANN AT 

24.07 

26-28 


POT. 
EN 
°90 
e001 
004 
10 
°26 
058 
1.04 
1.55 
2-02 
2e55 
312 
4.47 
6.07 
9.93 
14.64 
20.15 
29-62 
42.42 
56077 
61-10 
128.00 
181-54 
241-86 
311-29 
386-36 
402.43 
416-81 
418.32 


POT. 
EN 
00 
O01 
0 04 
°10 
°26 
59 

1-07 

1-57 

2-06 

2059 

3-18 

3-84 

4.57 

6-20 

10.10 
14.73 
20-03 
25-89 
32-20 
38-96 
46012 
61-62 
87254 
136-97 
193.35 
257 264 
355079 
41832 


OxY SOUND 
7.08 1469. 
7.08 1469. 
7.10 1469, 
7-10 1469, 
7.09 1470. 
7.08 1470. 
7.08 1470. 
5.25 1470. 
3.86 1471. 
3.27 1471. 
3.03 1470. 
2.58 1470. 
2.12 1470. 
1.51 1471. 
1.12 1475. 
1.03 1474. 
°86 1475-6 
°61 1477. 
°67 1479. 
°92 «1483. 
1.38 1489. 
1.98 1497. 
2.52 1504. 
2044, 1512. 
3-20 1520. 
3.17 1521. 
3.34 1523. 
1525. 

OxY SOUND 
7.08 1469. 
7.08 1469, 
7.10 1469. 
7-10 1469. 
7-09 1470. 
7-98 1470-4 
6.97 1470. 
517 1470. 
3.81 1471. 
3-25 1471. 
3.00 1470. 
2.76 1470. 
2.55 1470. 
2.09 1470. 
1.49 1471. 
1.12 1473. 
1.03 1474. 
092 1475. 
°80 1476. 
-67 1477. 
°63 1478. 
~72 1480. 
1.00 1484. 
1.50 1491. 
2.10 1498. 
2.50 1506. 
2.68 1514. 
00 1523. 


28 


10.00 


8.00 


2.00 


34.50 35.50 


0/00 
33.50 


32.50 


SALINITY, 


31.50 


* 50.50 


16.00 


13.00 


L 


‘si 
= 
we 
Cc 
= 
fe~ 
(om 
Co 
We 
or 
Lid 
be 
2 
5 
“a 
a) 
a 
“in 2~om- uu nm + Hero uv nN = nN oK-om- un nm rw 
< DIX OoOrX OOD X 


S3H13W ‘HI dag 


OFFSHORE OCEANOGRAPHY GROUP 


39 
145- 


DATE 15/ 3/78 


°O W 


SIGMA 
T 

25-930 
25-930 
25-930 
25-926 
25-929 
25-933 
25.950 
26.501 
26.752 
26.809 
26.849 
26.917 
26.956 
27.059 
27.140 
27.221 
27-346 
27.427 
27.502 
27.573 
27.670 
27.723 
27.747 
27.771 
27.778 
27.779 
27.770 
27.780 


TO STANDARD PRESSURE 


REFERENCE NO. 78- 2- 
POSITION 50- rae) Ne 
OBSERVED DATA 
PRESS TEMP SAL 
0 5.28 32-805 
10 5027 6326804 
19 5-27 32.804 
29 5.31 32.805 
4g 5.27 32-803 
73 5626 32.807 
99 Sel 32621 
123 4.76 33-454 
148 4.86 33.786 
173 4.62 33-824 
197 4.35 33-838 
248 4.09 33.889 
298 3.99 33.926 
398 3.83 34.035 
498 3.68 34.118 
597 3.50 34.198 
791 30615 34.313 
991 2087 354.383 
1191 2061 34.449 
1493 2-29 34.504 
2000 1.95 34.591 
2509 1.73 34.636 
3017 1.59 34.653 
3521 1.54 34.678 
402 1.52 34.685 * 
4120 1651 34.6086 
4208 1.53 34.676+ 
4219 1.52 34.688 
INTERPOLATED 
PRESS TEMP SAL 
) 5.28 32-805 
10 5-27 632-804 
20 5627) «032-804 
30 5-31 32-805 
50 5.27 32-803 
75 5626 «6332-808 
100 5.18 32-860 
125 4e77 33-485 
150 4.84 334789 
175 4.60 353-825 
200 4o34 33-841 
225 4.20 33-867 
250 4.09 33-891 
300 3-99 33-928 
400 3.83 34.037 
500 3.68 34.120 
600 3e49 34.200 
700 3-30 34.263 
800 3.14 34-316 
900 2-99 34.353 
1000 2686 34.386 
1200 2060 34-451 
1500 2628 34.505 
2000 1.95 34.591 
2500 Heise (D4.055 
3000 1-59 34.652 
3500 1654 34.677 
4000 1652 34.684 
4100 1.51 34.686 
1e53 34.677 


LEPTH 


SIGMA 
T 
25-930 
252930 
25.2930 
25-926 
252929 
252935 
25-984 
26.524 
26.757 
26.812 
26.853 
26-888 
26.919 
26.958 
27.061 
27-142 
272223 
27.292 
27.350 
27.392 
27-431 
27.505 
27.575 
27.670 
27.722 
27-746 
27.770 
27.777 
APT fe, 
27.771 


29 


SVA 


208.3 
208.3 
208.4 
208.9 
208.8 
208.6 
207.3 
155.2 
131.7 
126.5 
122.8 
116.7 
113.3 
104.3 
97.3 
90.2 
7923 
72.4 
65-8 
59.7 
51.5 
47.3 
4527 
44.6 
4Se1 
451 
46.4 
4504 


SVA 


208.3 
208.3 
208.5 
208.9 
208.8 
208.5 
204.0 
153.0 
131.2 
126.2 
122.4 
119.3 
116-5 
113.1 
104.2 
9702 
90.0 
84.0 
7920 
7503 
72.0 
65-6 
59.6 
51-5 
47-4 
458 
44.7 
4501 
4Sel 
4603 


GMT 


THETA 


5028 
5027 
5°27 
Deol 
527 
5.25 
5-20 
4.75 
4.85 
4.61 
4.34 
4.07 
3.97 
3.80 
364 
3046 
3-10 
2.80 
2.53 
2.19 
1.81 
1.55 
1.37 
1.27 
1.19 
1.17 
1.18 
1.17 


THETA 


5.28 
5027 
Se27 
5631 
5e27 
5.25 
5.17 
4.76 
4.83 
4.59 
4.32 
4.18 
4.07 
3097 
3-80 
3-64 
3045 
3025 
3-08 
2-93 
2.79 
2052 
2.18 
1.81 
1.56 
1.37 
1.27 
1.20 
1.18 
1.18 


18.2 


SVA 


(THETA) 


208-3 
20862 
208.2 
208.6 
208-3 
207-8 
206-2 
153.9 
130.0 
124.7 
120.8 
114.4 
110.6 
100.8 
9301 
8503 
7304 
65-6 
5804 
51.6 
42e2 
3609 
34.4 
31-8 
3008 
3006 
3164 
30 04 


SVA 
(THETA) 
208-3 
208-2 
208.3 
208-6 
20863 
207-7 
203-0 
151.7 
129-6 
124.4 
120-5 
117.1 
114.2 
110.4 
100-6 
92.9 
8561 
78-6 
730 
69.0 
65-3 
582 
51-4 
4202 
37-0 
34-5 
31-9 
30.9 
30-6 
31-3 


STATION P 
DELTA POT. 
D EN 

e090 e00 
eel e001 
40 204 
°61 e09 
1.03 26 
1.53 057 
2.07 1°05 
2-51 1.54 
2-87 2.04 
3-19 2057 
3.50 3.14 
4.10 4.50 
4.68 6012 
577 9.97 
60.77 14.58 
770 19675 
9.34 31-32 
10.85 45.01 
Fees 60.34 
14.12 86224 
16.95 136.37 
19-44 193.75 
21-79 259.94 
24.06 335-80 
26-30 421.64 
26-75 440.29 
27-15 4576-41 
27-20 459.44 
DELTA POT. 
D EN 
e00 200 
eel eOl 
42 204 
063 10 
1.04 e27 
1.57 e60 
2010 1-08 
2254 1-58 
2.90 2-08 
See 2.61 
353 3.20 
3083 3.86 
4.12 4.57 
4.70 6-18 
5.78 10.05 
6-79 14.67 
Tens 19.91 
8.60 25-67 
941 31.88 
10.18 38-56 
10.92 45.70 
12.29 61-05 
14.16 86-84 
16-95 13637 
19.40 192-71 
2ieiit coreso 
23-97 332-41 
26-621 417-86 
26-66 436-50 
27-11 455-75 


OXY SOUND 
7.12 1469, 
7-11 1469, 
Zell oi470 6 
Tels “IR70, 
7-14 1470, 
7ell1 1470. 
Tele. S247 1 6 
Jeon ele Oe 
3.91 1471. 
3.38 1471. 
2.90 1470, 
eese, § TEC. 
2.09 1470. 
1.48 1471. 
1.02 1472. 
°82 1473. 
65 1475. 
e73 1477. 
72 1480. 
087 1483. 
1.45 1491, 
2.12 1498, 
2.52 1506. 
3-04 1515. 
3.24* 1523, 
3.28 1525. 
3.34 1526. 
3.34 1527. 
OXY SOUND 
7.12 1469. 
7e11 1469. 
711 1470. 
7e13 1470. 
72.14% 1470. 
7e11 1470.6 
6.99 1471. 
5e21 1470. 
3.86 1471. 
3.35 1471. 
2.87 1470-6 
2.60 1470. 
2236 1470. 
2-07 1470. 
1.47 1471. 
1.01 1472. 
e681 1473. 
72 1474, 
65 1475. 
72 1478. 
e72 1480. 
87 1484. 
1.45 1491. 
2.10 1498. 
2.51 1506. 
3.02 1514. 
3.24 1523. 
3e28 1524, 
fs Weare Nope a Wey oy 


30 


10.00 


* 0.00 


30 


34.50 35. 


0/00 
33.50 


32.50 
TEMPERATURE, 


SALINITY, 


31.50 


90 


a 30. 


00 


13.00 16. 


G 
10.00 


7.00 


4.00 


< DIX OOIX DOOIX 


S3H19W HI dag 


OFFSHORE OCEANOGRAPHY GROUP 


DATE 23/ 3/78 


REFERENCE NOe 78= 2= 44 
POSITION 50= 00 Ne 145- 20 W 
OBSERVED DATA 
PRESS TEMP SAL LEPTH SIGMA 
i 
0 5-38 32.804 0 25.917 
9 5-33 32.805 9 25.924 
19 532 32-805 19 25.925 
28 5-32 32.803 28 25.923 
47 5-33 32.804 47 25.923 
71 5-31 32.803 71 25.925 
96 5-21 32.881 95 25.998 
119 4.82 33-4306 118 26.377 
143 G72 33-712 142 26.709 
167 4.54 33.805 166 26.803 
191 4.36 33-825 190 260.838 
240 4.05 33.870 238 26.906 
288 4.01 33-916 286 26.946 
386 3.94 34.019 383 27.035 
486 3.75 34.105 4YB2 27.123 
588 3659 34.191 583 27.207 
757 3628 34.275 250 275303 
950 2.96 34.367 941 27.406 
1143 2.69 34.429 {131 §27.480 
1430 2.38 34.495 1415 27.559 
1907 2-00 34-568 1884 27.648 
2383 1.79 34.626 2352 27.710 
2664 1664 34.655 2623 27.745 
3351 1.54 34.670 3300 27.764 
3848 1-52 34.682 3785 27.775 
3949 1.51 34.683* 3883 27.777 
4O40 1-51 34.684 3972 27.778 
4050 .1.53 34.676 3982 27.770 
INTERPOLATED TO STANDARD PRESSURE 
PRESS TEMP SAL DEPTH SIGMA 
¥ 
0 5-38 32-804 0 25.917 
10 5-33 32.805 10 25.924 
20 5632 32-805 20 25.925 
30 5.32 32.803 30 25-923 
50 5-33 32-804 50 25.923 
75 5-29 32-816 75 25-937 
100 5-13 32-968 99 26.076 
125 4.79 336417 124 26.468 
150 4.66 336740 149 26.738 
175 4.48 933-812 174 26.815 
200 4.30 33-834 199 26.851 
225 4.14 33.857 223 26.887 
250 4.04 33-880 248 26.915 
300 4.00 33-930 298 26.959 
400 3691 34.032 397 27.049 
500 3673 34.118 496 272135 
600 3657 34-198 595 27.215 
700 3038 34.249 694 27.274 
800 3e20 34.297 793 27.329 
900 3.04 34.345 891 27.382 
1000 2.89 34.384 990 27.427 
1200 2.62 34.443 1188 27.497 
1500 2.32 34.507 1483 27.573 
2000 1-96 34.580 1976 27.661 
2500 1.75 34.634 2467 27.719 
3000 1061 34-659 2956 27.751 
3500 1653 34.674 3445 27.768 
4000 1651 34-684 3933 27.777 


31 


SVA 


209.4 
208.9 
208.9 
209.1 
209.4 
209.4 
202.7 
166.9 
135.6 
127.0 
123.8 
117.6 
114.2 
106.6 
98.9 
91.6 
83.3 
74.3 
67-9 
61.1 
5364 
48.4 
45.8 
44.7 
44.9 
44.9 
4Sel1 
46.0 


SVA 


20964 
208.9 
208.9 
209-2 
20964 
208-3 
195.4 
158.3 
133-0 
125-9 
122.6 
119.4 
116.8 
113.1 
105-4 
97-8 
91.0 
85.9 
81.1 
76.4 
7225 
66.4 
59.8 
525 
47.7 
4505 
44,8 
45.0 


GMT 


THETA 


5.38 
5.33 
5032 
532 
5-33 
5.30 
5e20 
4.81 
4.71 
4.53 
4.35 
4.03 
3.99 
3.91 
3.72 
3655 
3223 
2.90 
2.61 
2028 
1.87 
1.62 
1.43 
1.28 
1.21 
1.19 
1.18 
1.20 


THETA 


5-38 
533 
5-32 
5-32 
5-32 
5029 
5.12 
4.78 
4.65 
447 
4.28 
4.12 
4.02 
3098 
3.88 
3269 
3252 
3233 
3015 
2.97 
2-82 
2.54 
2022 
1.82 
1.57 
1.39 
1.26 
1.19 


17.9 


SVA 


(THETA) 


209.4 
208.8 
208.7 
208-8 
208-8 
208.7 
PAU BLE T/ 
165.7 
134.1 
125.3 
121.9 
115.4 
111.6 
103.1 
94.7 
86.7 
es 
67.6 
60.6 
53.0 
44,3 
SU02 
3407 
3205 
31-2 
309 
30.8 
SheS 


SVA 
(THETA) 
20964 
208-8 
208-7 
208-8 
208-8 
20765 
194.3 
157.0 
131.4 
124.1 
1206 
117.3 
114.6 
110.4 
101.8 
9365 
8509 
8003 
750 
70-0 
6567 
58.9 
51-5 
43.0 
373 
34.0 
3201 
30.9 


STATION P 
DELTA POT. 
D EN 

°00 00 
019 001 
°40 004 
°59 08 
99 024 
1.50 e55 
2-00 098 
2643 1644 
2.79 1.93 
Sell 2043 
3e41 2298 
4.00 4.26 
4.56 SISTA 
52°64 9-48 
6-66 14.04 
7-64 19-35 
9.11 29043 
10.63 42.62 
11.99 57017 
13.84 61-42 
16.57 127.67 
18.98 180.38 
21.24% 240.72 
23-45 310654 
25-67 392624 
26012 410017 
26-653 426.85 
26-58 428-77 
DELTA POT. 
D EN 
00 00 
e21 eO1 
e42 004 
063 10 
1-05 e27 
1057 60 
2-09 1.06 
259 1.57 
289 2.07 
3-21 2.60 
3-52 3019 
3-82 3285 
4.12 4.56 
4.69 6018 
5.79 10.07 
6.80 14.73 
Te7T4 20-01 
8.63 25-86 
9-46 32025 
10.25 39-06 
10.99 4626 
12.38 61-77 
14.26 87-69 
17.06 137-48 
19.54 194.33 
21-686 2594352 
24211 333-77 
26-36 419.53 


OxY 


7.18 
7017 
7216 
7.17 
Leng 
7.16 
6.98 
5.75 
4.12 
3.35 
3.04 
2450 
2ele 
1.65 
1.98 

92 

° 76 

°60 

073 

82 
1.40 
2.01 
2042 
2.87 
3.23 
3.22* 
322 
Sees 


OxY 


7.18 
7.17 
7216 
(fours 
7.17 
ent 
6.72 
5.30 
3.88 
3.25 
2.91 
2650 
2.30 
2.05 
1.56 
1.06 

91 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1470. 
1470. 
1470. 
1470. 
1469, 
1470. 
1472, 
1473. 
1474, 
1475. 
1477. 
1479, 
1485. 
1489. 
1496. 
1504, 
1512. 
1520. 
1522. 
1523. 
1524. 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1472. 
1473. 
1474. 
1475.6 
1476. 
1477. 
1478. 
1480. 
1484. 
1491. 
1498. 
1506. 
1514. 
1523. 


az 


10.00 


TEMPERATURE, 


16.00 
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00 


re 


cu 


on 
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WK 
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oOOOtX 


=z7- wm 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 78- 2= 56 


POSITION 


49= 2.0 Ne 


OBSERVED DATA 


PRESS TEMP 


0 8.30 

10 8.24 
20 8.22 
30 8.20 
51 8.21 
102 Teer 
153 6.73 
203 6.30 
305 Dee 
406 4.58 
507 4.24 
608 4.09 
810 3.63 
1011 3.27 
1211 2.87 
ithe Ee 2045 
INTERPOLATED 


PRESS TEMP 


0 8.30 
10 8-24 
20 8.22 
30 8.20 
50 8eeal 
1) 7-66 

100 70235 
es 6-97 
150 6-75 
LS 6093 
200 62335 
225 6-01 
250 571 
300 5218 
400 4.61 
500 4.26 
600 4.10 
700 3-86 
600 3.65 
900 3-46 
1000 3229 
1200 2.89 


1500 2-46 


SAL 


326497 
32-510 
32.510 
32.510 
522518 
32.964 
33.699 
33.871 
33.915 
332995 
34.061 
34.163 
34.313 
34.396 


342466 - 


342525 


DATE 28/ 3/78 


130-40.0 w 
LEPTH SIGMA 

T 
0 25-290 
10 25.309 
20 25,312 
90) (25515115 
51 25.320 
101 25-811 
152 26.454 
202 26.645 
303 26.823 
403 26.949 
SOS eT ar055 
603 27.134 
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List of Omissions from Data 


Hydrographic Data: 


Notes 
Consec. # Depth (m) Temp. Sal. O igh 2. 3% Comments 
AZ 4147 ; * * 
4157 * # 
4157 * * 
32 3308 * * 
3308 * * 
3846. * * 
3933 * *& 
39 3953 * * Mistrip 
3953 * * Mistrip 
4136 * * 
= 3883 % * Mistrip 
3883 * | Mistri 


Notes (MacNeill, 1977): 


1. The data is suspect becuase of a reversal of gradient by >.01 °/o00 (sal- 
inity) or >.08 ml/2 (oxygen). 


2. The data is deleted because of very irregular data values (usually a mis- 
tripping or leaking bottle if both oxygen and salinity are irregular). 


3. The data is deleted because duplicate samples at a depth were not within 
-01 “/oo (salinity) or .08 ml/2 (oxygen). . 


STP Data: 
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ABS TRACT 


Physical, chemical and biological oceanographic observations are made from 
the weathership at Ocean Weather Station Papa, and between Esquimalt and 
Station Papa, on a routine continuing basis. Physical oceanography data only 
are shown, including surface observations and profiles obtained with bottle 
casts and conductivity-temperature-pressure instruments. 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P (Latitude 50°00! N, Longitude 
145 00' W) was inaugurated in December, 1950. The station is occupied primarily 
to make meteorological observations of the surface and upper air and to provide 
an air-sea rescue service. The station is manned by two vessels operated by 
the Marine Services Branch of the Ministry of Transport. They are the CCGS 
Vancouver and the CCGS Quadra. Each ship remains on station for a period of 
six weeks, and is then relieved by the alternate ship, thus maintaining a 
continuous watch. 


Bathythermograph observations have been made at Station P since July SIS 
A program of more extensive oceanographic observations commenced in August 
1956. This was extended in April 1959, by the addition of a series of oceano- 
graphic stations along the route to and from Station P and Swiftsure Bank. 
These stations are known as Line P stations. The number of Stations on Line P 
has been increased twice and now consists of twelve stations (Fig. 1). Bathy- 
thermograph observations and surface salinity sample collections, in addition 
to being made on Line P oceanographic stations, are also made at odd meridians 
ati 40’ ,wdse. 139540! W, 141°40' W, etc. These stations are known as Line P BT 
Stations. Data observed prior to 1968 have been indexed by Collins et al (1969). 


O 


The present record includes hydrographic, continuously sampled STD and 
surface salinity and temperature data collected from the CCGS Quadra during 
the period 24 March to 10 May 1978. 


All physical oceanographic data have been stored by the Canadian Oceano- 
graphic Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests 
for these data should be directed to CODC. 


Biological and productivity data are published in the Manuscript Report 
series of the Fisheries Research Board of Canada (FRB), Pacific Biological 
Station, Nanaimo, British Columbia, Canada. Requests for these data should 
be directed to FRB. 


Marine geochemical data are for the Ocean Chemistry Group, Ocean and 
Aquatic Sciences, Environment Canada, Institute of Ocean Sciences, P.O. Box 
6000, Sidney, British Columbia, Canada, V8L 4B2. 


PROGRAM OF OBSERVATION FROM CCGS QUADRA, 24 MARCH - 10 MAY 1978 (P-78-03) 
(CODC Ref. No. 15-78-003) 


Oceanographic observations were made by Mr. T. Juhasz of Seakem Oceano- 


graphy Ltd., Sidney, &.C. 


En Route to Station P 


Line P Stations 1, 9, 11 and 12 were occupied and an STD profile made to 


near bottom or 1500 metres. One hydrocast was made at Station 11 to 1500 
metres. Rough weather cancelled work on Stations 4 and 5. Lack of time 
cancelled the second scheduled hydrocast. 


Samples for nitrates, nutrients, alkalinity and total CO, were collected 


at all whole stations from the seawater loop. Loop salinities were collected 
at all whole and half stations. A bucket salinity sample was collected at 
Station 1. Surface bucket temperatures were taken at all whole and half 
stations. 


run continuously. 


No surface tarball tows were made since the tarball net was not aboard. 


The thermosalinograph, surface temperature recorder and PCO, system were 


v4 


Mechanical BT's or XBT's were taken at all whole and half stations. 


On Station P 


1) 


2) 


3) 


4) 


5) 


The oceanographic program was carried out as follows: 


Physical Oceanography: 


Profiles for salinity, temperature and oxygen were obtained from 2 hydro- 
casts to 4200 metres and 4 hydrocasts to 1500 metres. 


Nineteen STD profiles to 300 metres and nine to 1500 metres were obtained. 
BT's were taken every 3 hours to coincide with meteorological observations 
and encoded and transmitted according to the IGOSS format. XBT's were 


taken on days of rough weather. 


Salinity samples were collected daily at 0000 hrs GMT from the seawater 
loop. 


Fifteen extra STD profiles were obtained to 300 metres from triangle grids 
set up by Cruise 15-77-006 as part of the MILE Program. 


Marine Geochemistry: 


1) Nutrient and salinity samples were collected daily at 0000 hrs GMT from 
the seawater loop. Two profiles for nutrients and one for tritium to 
500 metres were taken. One bucket sample and one rainwater sample for 
tritium and 6 rainwater samples for Pb 10 were collected. 


2) Alkalinity and total CO, samples were collected every week from the sea- 
water loop. One profile to 500 metres was taken as well as a profile to 
4000 metres for alkalinity. Additional loop samples accompanied each 
seawater C-14 sample. 


3) Twenty-four 2 litre and six 5 litre samples were taken for air CO, for 
Ocean Chemistry. Twelve 2 litre samples were collected for Scripps. 


4) Six surface tarball tows were completed. 
5) PCO, carboys were filled in duplicate every week. 


6) Three samples each of seawater C-14, seawater C-13 and air C-13 were 
collected. 


7) Two profiles to 1500 metres and a weekly surface sample were collected 
for particulate organic carbon. 


8) Twelve hydrocarbon samples were collected (6 with an NBS sampler, 6 with 


a stainless steel bucket). 


Biological Oceanography: 


r) Twenty-six 150 metre vertical plankton hauls. 

2) Six Secchi disc readings taken at local noon. 

3) A weekly nitrate sample ae taken from the seawater loop. 

4) Two profiles to 75 metres for chlorophyll a were obtained, as well as a 
weekly seawater loop sample taken in triplicate. 

En Route from Station P 


Line P Stations 12 to 1 were occupied and an STD profile made to near 
bottom. Two hydrocasts to 1500 metres were taken at Stations 12 and 9. 


Samples for nutrients, nitrates, alkalinity and total CO, were collected 
from the seawater loop at all whole stations. Loop salinity samples were 
collected at all whole and half stations. Bucket salinity samples were col- 
lected at Stations 5 to 1. Surface bucket temperatures were taken at Stations 
2. to. BL 


No surface tarball tows were made. 


The surface temperature recorder and thermosalinograph were run continuous-— 
ly. The PCO, system was run from Station P to Station 4. 


Mechanical BT's or XBT's were taken at all whole and half stations. 


Observations for Other Agencies 


1 Marine mammal observations were made by the ship's officers for Mr. I. 
McAskie, Fisheries Research Board of Canada, Pacific Biological Station, 
Nanaimo, British Columbia, Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiguet, 
Curator of Birds and Mammals, Provincial Museum, Department of Provincial 
Secretary and Travel Industry, Victoria, British Columbia, Canada. 


3) Air CO, samples were taken weekly in duplicate for Scripps Institute of 
Oceanography, La Jolla, California, U.S.A. 


Data were processed for publication by Ms. M. Sainsbury of Seakem Oceano- 
eraphy, Ltd., sidney. B.C: 


OBSERVATIONAL PROCEDURES 


Observations for salinity, oxygen and temperature from all hydrographic 
casts, including the surface, were obtained with Niskin water sample bottles 
equipped with either Richter and Wiese and/or Yoshino Keiki Co. reversing 
thermometers. Two protected thermometers were used on all bottles and one 
unprotected thermometer was used on each bottle at depths of 300 metres or 
greater. The accuracy of protected reversing thermometers is believed to be 
20 024Cs 


The daily surface water temperatures were measured from a bucket sample 
using a deck thermometer of +0.1 C accuracy. The daily surface salinity 
samples were obtained from the seawater loop. When the seawater loop was not 
operational these samples were obtained with a bucket, and are indicated with 
a) 'b Sin thisedatae@rercord: 


Salinity determinations were made aboard ship with either an Autolab 
Model 601 Mark III inductive salinometer or a Hytech Model 6220 lab salino- 
meter. Accuracy using duplicate determinations is estimated to be +0.003 “/oo. 


Depth determinations were made using the ''depth difference" method des- 
cribed in the U.S.N. Hydrographic Office Publication No. 607 (1955). Depth 
estimates have an approximate accuracy of +5 metres for depths less than 1000 
metres, and +0.5% of depth for depths greater than 1000 metres. 


The dissolved oxygen analyses were done in shipboard laboratory by a 
modified Winkler method (Carpenter, 1955). 


Line P engine intake continuous temperature on both ships was recorded 
by a Honeywell Electronik 15 Recorder. The temperature probe is at a depth 
of approximately 3 metres below the sea surface and the instrument accuracy 
’ : é oO 
is believed to be +0.1C. 


Each ship is equipped with a Plessey Model 6600-T thermosalinograph which 
is used, on Line P, for continuous recording of surface temperatures and 
salinities from the ship's seawater loop. The temperature probe is mounted at 
the seawater loop intake (approximately 3 metres below the surface) and the 
salinity probe and recorder are situated in the dry lab. The accuracy of this 
instrument is believed to be +0.1°C for temperature and +0.1 °/o0 for salinity. 


STD profiles were taken with a Plessey Model 9006 STD system. 


COMPUTATIONS 


All hydrographic data were processed with the aid of an IBM 370 computer 
and a UNIVAC 1100 computer. Reversing thermometer temperature corrections, 
thermometric depth calculations and accepted depth from the "depth difference" 
method were computed. Extraneous thermometric depths caused by thermometer 
malfunctions were automatically edited and replaced. A Calcomp 565 Offline 
Plotter was used to plot temperature-salinity and temperature-oxygen diagrams, 
as well as plots of temperature, salinity and dissolved oxygen vs log, 6 depth. 
These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas inter- 
polation method (Reiniger and Ross, 1968). These data are indicated with an 
asterisk in this data record. 


Data values which we suspect but which we have included in this data 
record are indicated with a plus. These data have been removed from punch 
card and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument have 
been machine digitized, then replotted using the Calcomp plotter. 


Digitization was continued until original and computer plotted traces 
were coincident. Temperature and salinity values were listed at standard 
pressure; integrals (depths, geopotential anomaly, and potential energy anomaly) 
were computed from the entire array of digitized data. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 
SVA (THETA) is potential specific volume anomaly 


DELTA D is geopotential anomaly (J/kg) 


: , ’ - 8 2 

POT EN is potential energy in units of 10 ergs/cm 

OXY is the concentration of dissolved oxygen expressed in milli- 
litres per litre 

SOUND is the velocity of sound in m/sec 
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LOG OF HYDROGRAPHIC AND STD OBSERVATIONS 


Consec. #]| Positions | Date (4%) Time (4) | STD (m) |Hydrocast (m)} Comments 


O 


001 125-33" W | 24/03/78 2310 80 

002 136-40 W | 26/03/78 0705 1,500 

003 140-40 .W | 26/03/78 2000 1,500 

0041 140-40- wW | 26/03/78 2145 175 Tors 

00411 | 140-409 w | 26/03/78 2130 1,500 se ts 

005 142-40° w | 27/03/78 0540 1,500 

006 P 28/03/78 1700 1,500 

0071 P 28/03/78 1745 200 doe Coe eee 
Nuts, Tit 

00711 P 28/03/78 1915 1,500 1 ESR aa 
NUE. Trit 

008 P 29/03/78 1700 300 

009 P 29/03/78 1930 0 [eS con oe 

010 P 30/03/78 1700 300 

011 P 30/03/78 1730 75 Lets, 
Chlor-a 

012 P 31/03/78 1700 1,500 

Oh P 31/03/78 1700 1,500 Tis Geops 
bottom STD 
check) 

014 P 01/04/78 1700 300 start 

015 E3 01/04/78 1845 300 MILE 

016 E4 01/04/78 2000 300 grid 

017 Cl 01/04/78 2130 300 

018 W4 02/04/78 0040 300 

019 w3 02/04/78 0200 300 

020 P 02/04/78 | 1700 300 

021 P 03/04/78 1700 300 

0221 P 08/04/78 1730 4,200 T, S, 0,, 
Alk. | 

02211 P 08/04/78 {| 2025 600 T, S, 05, 
Alk. 

023 P 08/04/78 2130 1,500 

024 P 10/04/78 1705 300 

025 P 10/04/78 1830 0 P00 ae 

| S 

026 P 10/04/78 1845 20 T2bG aoe 

027 P 10/04/78 1940 50 Toh Sage 

028 P 10/04/78 2035 100 Tes aa 

029 P 10/04/78 2145 200 TS "enue 

030 P 10/04/78 2200 300 TS, oP oG.6 

031 P 11/04/78 0040 500 TES Boies 

032 P 11/04/78 0115 750 TS) Boo. 

033 P 11/04/78 1720 1,500 

034 P 11/04/78 1720 1,500 7 15 =|. Coop) 
bottom STD 


check) 


LOG OF HYDROGRAPHIC AND STD OBSERVATIONS (continued) 


Consec # 


035 


Positions 


P 


no} tnoldnol no] lo} inop Ino/ ino) iiae! 


C5) Gof Ine} Ine) ‘gu) Inch Igoe Ine) lac) Ine, 


Date (4) 
11/04/78 


12/04/78 
12/04/78 


12/04/78 
12/04/78 
12/04/78 
12/04/78 
13/04/78 
13/04/78 


13/04/78 


14/04/78 
15/04/78 
17/04/78 
17/04/78 
18/04/78 
18/04/78 
18/04/78 
18/04/78 
18/04/78 
18/04/78 
18/04/78 
18/04/78 
18/04/78 
18/04/78 
19/04/78 
19/04/78 
19/04/78 
20/04/78 
20/04/78 


20/04/78 
20/04/78 
20/04/78 
20/04/78 
21/04/78 
21/04/78 


22/04/78 
23/04/78 
24/04/78 
24/04/78 
25/04/78 
26/04/78 
26/04/78 


Time (4) 


STD (m) 


Hydrocast (m)} Comments 


i Tae ee 
Alk. Std. 


Start MILE 
grid 


T esp eo eG 
Alki I¢6G4.CU 


0, ‘ 
Tigo sunk kes 
TOU CO,» 05 


T,70,) Giloron 


POU sguatieeo 
PY OP Gavia seed 
PrOliCe alu 
PROtCC Saher 
PLOT? alc 
BVO. Cz ak ate 
PVOTGs Sala © 
PAOiC os won oo 
Poot «oles 
AAD ie O,,Nut 
Le es 0,,Nut 
Start MILE 
grid 


Tres Ona 
Alk. Std. 


LOG OF HYDROGRAPHIC AND STD OBSERVATIONS (continued) 


Consec # 


074 
075 
076 
077 
078 
0791 
O7 927 
080 
081 
0821 
08211 
083 
084 
085 
0861 
O86II 
087 
088 
089 
090 
091 
092 
093 
094 


Note: 


Positions 


ch lae ji ino fens) Mnoline, ias\ lao; 


142-40 
142-40 
142-40 
140-40 
138-40 
136-40 
136-40 
136-40 
134-40 
132-40 
130-40 
128-40 
127-40 
126-40 
126-00 
125-33 


OO 10 .OP0e0 164046 "0 -0070"0rO +0 
SEB LPABAAAABAAATAAAS 


Date (4%) 


26/04/78 
27/04/78 
30/04/78 
30/04/78 
03/05/78 
03/05/78 
03/05/78 
04/05/78 
07/05/78 
07/05/78 
07/05/78 
08/05/78 
08/05/78 
08/05/78 
08/05/78 
08/05/78 
09/05/78 
09/05/78 
09/05/78 
10/05/78 
10/05/78 
10/05/78 
10/05/78 
10/05/78 


Time (2) 


2100 
1710 
1710 
1800 
1710 
1750 
1905 
1710 
2045 
2140 
ig BaNS) 
0530 
1145 
1810 
1900 
2000 
0300 
0950 
1720 
0025 
0420 
0805 
1040 
1220 


STD (m) 


1,500 
300 
300 


1,200 


300 
Pea00 


1,500 
1,500 
1,500 


1,500 
1,500 
1,500 
1,500 
1,500 
1,200 

80 

90 


particulate organic carbon 


drocast (m)| Comments 


o0d 
oSthT 


NoOG 


oSS 
oOdl 


Oceanographic Data Obtained on Cruise P-78-3 


(CODC Reference No. 15-78-003) 


Results of Hydrographic Observations 


(P-78-3) 
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Figure 2. 


14 


TEMPERATURE p26 
7. 00 10.00 


13.00 


Composite plot of temperature vs 108, 4 depth for 
Line P Stations. 
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Composite plot of salinity vs 10819 depth for 
Line P Stations. 
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Figure 4. Composite plot of temperature vs 10859 depth for 
Station P. 
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Figure 5. Compesite plot of salinity vs 10816 depth for Station P. 
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Figure 6. 
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Composite plot of oxygen vs logo depth for Station P. 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 78—= 3= 4 DATE 26/ 3/78 
POSITION 49-10.0 Ne 140=40,0 w 
OBSERVED DATA 
PRESS TEMP SAL DEPTH SIGMA SVA 
T 
0 5-98 32772 0 25-820 218.6 
10 5°96 32767 10 25.819 218.9 
20 $91 32-771 20 25-828 218.41 
30 5-90 32-772 30 25-830 218.0 
spl 5082 32¢763% >1 9255633". 218.0 
TAU 5e76 32756 77 256835 218.1 
104 5°65 32-897 103 25.959 206.6 
127 5250 33-4637 126 26.560 149.8 
147 5-68 334828 146 26.689 137.9 
164 Se41 33-841 163 26.732 134.0 
188 4.86 33-850 187 26.803 127.3 
239 4.32 33-878 237 26.884 119.8 
289 4.15 334-902 287 26.921 116.7 
390 3-98 34.001 387 27.017 108.4 
492 3-82 34.2147 488 27.149 966 
993 3-69 34.176 588 27.185 93.8 
794 3625 34292 787,, 276320 82.0 
995 2095 346373 985 27.412 74.0 
1192 2069 34.442 1180 27.490 672 
1473 2036 34-507 1457 27.570 60.2 
1483 2634 34-502 1467 27.568 60.4 
INTERPOLATED TO STANDARD PRESSURE 
PRESS TEMP SAL DEPTH SIGMA SVA 
T 
0 5-98 32772 0 25-820 218.6 
10 5096 326767 10 25.819 218.9 
20 5.91 32-771 20 25-828 21861 
30 5-90 32-772 30 25-830 218.0 
50 5-82 32-6763 50 254833 218.0 
75 5076 32-757 75 252834 218.1 
100 5e66 32-879 99 25.943 208.0 
125 5-51» 33583 124% 520651755 15509 
150 5-63 33-830 149 26.697 137.2 
175 5e15 33-845 174 26.766 130.8 
200 4.72 334857 199 26-824 12564 
225 445 33-871 223 26.864 121.7 
250 4.28 334884 248 26-893 11961 
300 4.13 33-914 LIS N26 69S 50 137 
400 3-96 34.017 SOTap 2ST 0S 140710 70d 
500 3081 340149 496 27.152 96.4 
600 3067 34.181 595 27.2190 9364 
700 3o44 342242 694 274262 8761 
800 3624 342295 19S el ese 81.7 
900 3-08 346337 892 27.371 77-5 
1000 2694 34-375 990 27-414 73-8 
1200 2668 3546444 1188 27.492 67.0 


GMT 


THETA 


5°98 
5°96 
5°91 
5-90 
5°82 
5075 


. 5064 


S049 
567 
540 
4.85 
4.30 
4.13 
3.95 


3e78° 


3-65 
3019 
2-88 
2-61 
2026 
2024 


THETA 


5°98 
5-96 
591 
5-90 
5 82 
5-76 
5 e266 
5.50 
5e62 
5014 
4e71 
4.44 
4.26 
4.11 
3-93 
3077 
3°63 
3239 
3218 
3-02 
2.87 
2.60 


21.1 


SVA 


(THETA) 


218.6 
218-8 
217-9 
217.7 
217.4 
217-2 
20564 
148.2 
136.0 
131.9 
125.2 
117.5 
114.0 
104.8 
92-2 
88.7 
7509 
6761 
5906 
51.9 
S2el1 


SVA 


(THETA) 


218.6 
218.8 
2179 
217.7 
217-4 
217-62 
206-9 
152.64 
13502 
1267 
12342 
119.4% 
116.6 
112.8 
103.4 
91.9 
88.2 
81-4 
7506 
71.0 
66-8 
59-3 


STATION 


DELTA 
D 
000 
022 
044 
°66 

1.12 
1.69 
2025 
2.66 
2.95 
3218 
3-50 
4.12 
4.72 
585 
6-89 
785 
9.61 

11.17 

12.56 

14.31 

14.37 


DELTA 
D 
00 
022 
44 
°66 
1.09 
1.64 
2017 
2-63 
2.99 
3-335 
3.65 
3095 
4.26 
4.84 
596 
6-96 
7-92 
8.82 
9.66 
10.46 
11.21 
12.62 


11 


POT. 
EN 
000 
001 
005 
010 
029 
0°67 

1.18 

1.66 

207 

2644 

3-00 

4.36 

5 096 

9.88 

14.53 
19.87 
32029 
46049 
61.98 
6566 
86-58 


POT. 
EN 
200 
001 
e05 
10 
28 
0635 

1.10 

1.63 

2013 

2069 

330 

3-96 

4.69 

6034 

10.31 
14.92 
20027 
26224 
32 268 
3957 
46-90 
62 «62 


OxY SOUND 


1472. 
1472. 
1472. 
1472. 
1472. 
1472. 
1473. 
1473. 
1475. 
1474, 
1472. 
1471. 
1471. 
1472. 
1473. 
1474. 
1476. 
1478. 
1480. 
1483. 
1485. 


OXY SOUND 
1472. 
1472. 
1472. 
1472. 
1472. 
1472. 
1473. 
1475. 
1474, 
1473. 
1472. 
1471. 
1471. 
1471. 
1472. 
1473. 
1474. 
1475. 
1476. 
1477. 
1478. 
1480. 
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—OoOiIMmo —- ww 
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un Ee ww 


Jigs 


30.50 


Mm 


00 


22 


OMGGEN wy MAL 
2.00 4.00 6.00 8.00 
SRLIEN Wr Oe og 
31.50 32.50 33750 34.50 
TEMPRERRIRURES C 
7.00 19.00 13.00 
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Pikes. bOe — 2. Sm tse/ 


10.00 


355250 


16.00 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 78- 3=- 7 
POSITION SO0-— «0 Ne 145= 
OBSERVED DATA 


PRESS TEMP SAL DEPTH 


0 5.31 32,844 0 
11 503) 32-841 11 
21 5629 *320837 AN 
ea: 5-29 32.839 Zi 
Bye 5229 32-847 32 
52 529 320852 52 
77 5228 32-848 76 


101 5e24% 32-896 100 
120 4.84 334238 19 


125 4.71 3363549 124 
150 et] Om Olen OO 149 
176 LO AOU SP 175 
205 4.27 334844 204 
(ADS 4.04 33-883 253 
304 4.02 33.4959 302 
405 3-88 34.058 402 
506 3e72 342156 502 
607 3255 34.214 602 
809 Jel" SY e516 B02 


1006 2.90 34.395 996 
Tot 2e61 344460 1179 
1432 2-334 346524 1416 
1440 2eoe™ Oteoe I 1424 


DATE 28/ 3/78 


00 W 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 


0 Se31 32¢844 0 
10 Se31 326841 10 
20 Sa eYSHtsOiY/ 20 
30 9029 326644 30 
50 Se 295522052 - 50 
TAs) 5228 32-848 75 

100 524 32-895 99 
Was: 4o71 334349 124 
150 4.73 334755 149 
175 4.55 33.789 174 
200 4.32 334835 199 
225 4.17 33-860 223 


250 4.06 33-879 248 
300 4.02 33-4953 298 
400 3-89 34.053 SIENA 
500 Se75 S4HelSl 496 
600 3056 34-210 hehe) 
700 3e37 342264 694 
800 3-20 34.312 DS 
900 3-05 34.355 891 
1000 2.91 342393 990 
1200 2-60 34.463 1188 


SIGMA 
T 

25-957 
26955 
25.954 
25-959 
25-965 
25-964 
26.005 
26.423 
26.742 
26.789 
26.850 
26.886 
26.912 
26.974 
27.068 
27.161 
272225 
27.286 
27-340 
27.388 
27.2431 
27.514 


23 


SVA 


205.7 
206.0 
206.2 
20661 
20565 
20564 
205.8 
202.0 
172.2 
162.5 
132.6 
128.1 
121.6 
116.7 
111.2 
103-2 

95.0 


SVA 


20567 
206.0 
20602 
205-8 
205¢4 
205-8 
202.1 
162¢5 
13206 
12863 
122.7 
Nees 
suiveecal 
111.6 
103.5 
9564 
90.0 
8467 
80.0 
Teo 
Teel 
64.7 


GMT 


THETA 


5.31 
5.31 
5.29 
5.29 
5.29 
5.29 
5427 
5.23 
4.83 
4.70 
4.72 
4.53 
4.26 
4.02 
4.00 
3.85 
3.68 
3651 
3613 
2.83 
2.53 
2.23 
2122 


THETA 


531 
5e31 
5029 
5029 
5029 
5027 
5023 
4.70 
4.72 
4.54 
4.30 
4.16 
4.04 
4.00 
386 
3-69 
3052 
3032 
Sel S 
2.99 
2-84 
2052 


18.61 


SVA 


(THETA) 


205.7 
205-9 
206.0 
2058 
205-2 
2048 
205-0 
200.9 
171.0 
161.3 
131.0 
126.3 
119.6 
114.3 
108.4 
995 
90.6 
B46 
7305 
650 
57-6 
50.4 
505 


SVA 


(THETA) 


205¢7 
205-9 
206.0 
20565 
204-8 
205-0 
201.0 
161-3 
131.0 
12665 
120.8 
117.4 
114.8 
108.9 
99.9 
91.1 
85.0 
7961 
74.0 
69-3 
6502 
57-35 


STATION 


DELTA 
D 
00 
023 
044 
°56 
66 

1.08 
1.57 
2.07 
2043 
2-51 
2.88 
3.22 
3.58 
4.17 
4.73 
5-81 
6-81 
PLS 
9245 

10.94 

l2ee2l 

13-66 

VSO 


DELTA 
D 
© 00 
eel 
41 
©62 
1.03 
1.54 
2.05 
2e51 
2-88 
3220 
3252 
3082 
4.11 
4.69 
5-76 
6.76 
7-68 
8-56 
9-38 
10.16 
10.90 
12.26 


P 


OXY 


7225 
7228 
7025 
723 
ec 
7223 
7.22 
7.96 
6.95 
5e71 
3.88 
3.53 
2.81 
2.31 
2.00 
1.36 
ie Bs} 

290 

065 

°60 

66 

083 

°96 


OXY 


Lees 
7228 
7226 
7224 
7223 
7.22 
7-06 
Sie 7 ks 
3.88 
3.54 
2.93 
2.60 
2.36 
2.02 
1.39 
1.16 

92 

78 

66 

63 

60 

67 


SOUND 


1469, 
1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1470. 
1470. 
1471. 
1470. 
1470, 
1470. 
1471. 
1472. 
1473. 
1474, 
1476. 
1478. 
1480. 
1483. 
1483. 


SOUND 


1469. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1470. 
1471. 
1470. 
1470. 
1470. 
1470. 
1470. 
1472. 
1473. 
1474, 
1475. 
1476. 
1477. 
1478. 
1480. 


10.00 


34.50 35.50 


0/00 
50 


32.50 33 
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li 
= 
oO 
oO 
= 
D 
Oo 
“11 Orom- cu m = NM o-oo Cw nm = Nn o-oo uv om = i 
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S3¥13W ‘HI gag 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 78 3= 22 
POSITION SO0- «0 Ne 145= 
OBSERVED DATA 


PRESS TEMP SAL DEPTH 


0 5e41 3228358 0 
10 5-39 32-841 10 
20 5e35 326843 20 
a9 5e35 32-842 29 
49 5033 32-846 49 
73 De 351) 9752-850 73 
98 5e29 32-854 Si 

2 4.81 334236 121 
146 4.73 33-691 145 
170 Vest eroo «i 90 169 
194 4.35 33-826 19S 
243 eo U9, 55858 241 
("ae ) 3.92 33-918 PAS) 
399 3-93 34.027 396 
914 Salt. S42118 510 
645 3-59 342182 639 
782 3-20 34.301 vt 
978 2.90 34.3580 969 


1175: = 264i, B¥e437 WO1163 
1471s Pee 34 SH6510 P4ss 
1906 1.97 34.591 ~=-1942 
24605 1677 34-631 ©2432 
2907 = 1062 344659) 2924 
3472: , 24 652) . 1848675) 91 34 LB 
3982-1654 «34-684 = 39116 
4085 14653 34.686 4016 
4178 14652 34.6744 4106 
4166 — 1.52 34.678 {4116 


25 


DATE 8/ 4/78 


00 W 


SIGMA 
T 

25,941 
25-945 
25.952 
297951 
25.956 
25-962 
25.967 
26-323 
26.692 
26.791 
26.840 
26.892 
26.957 
27.043 
270134 
27.200 
27-332 
27.422 
27.493 
276574 
27.669 
27.716 
27-750 
27.770 
27.775 
27.778 
27.769 
BUS UU 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 
0 5e41 32-838 U 
10 5.59) 32-841 10 
20 5635 326843 20 
3U 5035 320842 30 
50 5e¢33 32-846 50 
U's) 5e31 32-850 iS 
100 524 322895 99 
125 4.80 33-301 124 
150 4.70 33-4708 149 
O/ =) 4.50 33-798 174 
200 4.32 332830 199 
225 4.18 334847 225 
250 4.06 33-867 248 
300 53092 53926 298 
400 3093 34.028 597 
500 3.76 34.2108 496 
600 3264 34-6162 595 
700 Se42" S48 e255 694 
600 3e17) «634-309 79S 
900 Sie U 1 1S8 6551 891 
1000 2.87 34.2387 990 


1200 2656 34.2444 1188 
1500 ae Sa sot SLD 1484 
2000 1.95 342594 1976 
2500 1.76 34.633 2467 
3000 1.61 34.660 2956 
3500 1.52 34.676 S445 
4000 1.54 34.684 3900 
4100 1.53 34.684 4031 


SIGMA 
i 
25.941 
252945 
252-952 
25.951 
25-956 
25-962 
26.005 
26.375 
26.709 
26.801 
26.846 
26.874 
26-902 
26-964 
27.043 
272124 
eel 9 
27.256 
27.341 
27.388 
272430 
27.501 
27.580 
27.672 
27.719 
Lot payl 
27.770 
27.776 
27.776 


SVA 


207.2 
206.9 
206.4 
206.6 
206.2 
205.9 
205-7 
72d 
137.3 
128.1 
123.6 
119.0 
193.0 
106.0 
9861 
D201, 
80.7 
42.9 
66.6 
59.7 
5166 
48.0 
45.6 
44.4 
45.4 
4564 
4603 
46.0 


SVA 


207-2 
206.9 
206.4 
20665 
206.2 
205.9 
202.1 
167.1 
15507 
127.2 
123.0 
120.6 
118.1 
112.6 
105.9 
99.0 
94.4 
87-6 
7929 
75-8 
Teel 
66.0 
592 
51.3 
47.8 
45-5 
44,5 
45.4 
4505 


GMT 21.1 
THETA SVA 
(THETA) 
5e41 207.2 
5-39 206-8 
Die oS 1 e0O ee 
5-35 206-2 
5.33 205.7 
5e30 205-2 
5-28 204.6 
4.80 170-8 
ha A boho ye: 
4.53 126.4 
4.34 121.7 
4.07 116.7 
3-90 110.5 
3-90 102.4 
3-70 93-6 
3-54 8763 
3.15 7428 
2-83 6661 
2.53 5903 
2024 51-5 
1.84 42.35 
1.59 3726 
1.40 3402 
1.25 320 
1.22 31.0 
1.20 3008 
1.18 31-5 
1.18 Slee 
THETA SVA 
(THETA) 
541 20762 
5-39 206-8 
5.55) 20662 
5-35 206-2 
Blows), Alesis 7/ 
5-30 20501 
Se2o 201-0 
4.79 165-8 
4.69 134.1 
4.49 125.4 
4.30 121.1 
4.16 118.4 
4.05 115-8 
3-90 109.9 
3-90 102-35 
IOUS) 9426 
3-60 8905 
3237 B20 
Sell 739 
els 69-3 
2.80 6503 
2-50 58.6 
2.21 50.9 
1.82 42.0 
1.58 375 
1.39 34.0 
1.25 3169 
1.21 31.0 
Lreik:9 3069 


STATION 


DELTA 
D 
«00 
e2l 
e42 
°60 

1.02 
1.52 
2.02 
2048 
2.85 
ols b7/ 
3-48 
4.06 
4.65 
5.81 
6.98 
8.22 
9-41 

10.91 

12.28 

14.14 

16.89 

19.37 

loyal 

23.97 

26.27 

26674 

TCS IMS) 

OTecl 


DELTA 
D 
eU0 
eal 
042 
e62 

1.03 
1.55 
2-07 
2-535 
2.91 
3025 
3255 
3285 
4.15 
4.72 
5-82 
684 
7280 
B72 
9-55 

10.335 

11.07 

12.45 

14.31 

17.07 

19.54 

21.86 

24.10 

26235 

26-81 


>) 


POT. 
EN 
00 
O01 
e004 
°09 
«26 
°57 
1-01 
Lise 
2-03 
2054 
3e11 
Ge4) 
6-01 
10.10 
1555 
22-89 
3150 
44.97 
59-96 
85-08 
133-09 
189.03 
253685 
528.03 
415240 
434.53 
452046 
454.48 


POT. 
EN 
200 
201 
204 
°09 
e26 
059 

1.06 

1.59 

Coe 

2265 

OS) 

Die 

4.63 

60624 

10.614 
14.82 
20-23 
26-31 
32266 
39239 
46255 
61-97 
87.69 
136.65 
193.30 
258 644 
332644 
418.64 
437-35 


OXY 


7236 
7.27 
Yeas 
7.14 


OXY 


7-36 
(oral! 
7.25 
7.15 
7027 
7231 
719 
5-88 
4.30 
3.60 
3.10 
2.82 
2.56 
2.09 
1.64 
eye 
1.04 

78 

258 

056 

054 

°55 

079 
1.42 
1.98 
2.59 
3.03 
3.26 
3.28 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1470. 
1471. 
1470. 
1470. 
1470. 
1470. 
1472. 
1473. 
1475. 
1475. 
1477. 
1479, 
1483. 
1490. 
1498. 
1505. 
1514. 
WS525\6 
1524, 
1526. 
1526. 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1071. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1472. 
TAT Ss 
1474, 
1475. 
1475. 
1477. 
1478. 
1480. 
1484, 
1491. 
1498. 
1506. 
1514, 
1523, 
1525. 


+ 


30.50 


DEPTH, METRES 
X100 X10 
na WOISB nN = w HONnudG nw = wow wv “ODI UW 


xX1000 


on = w 


fu 


26 


OXYGEN, ML/L 
2.00 4.00 6.00 8. 00 
SHECENT TY, C700 
31.50 32.50 Jan So 34.50 
TEMPERATURE, © 
7.00 19.00 13.00 


AM 


10.00 


aaeS0 


16.00 


I 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 78 3= 43 
POSITION S0- «0 Ne 145- 
OBSERVED DATA 


PRESS TEMP SAL DEPTH 


0 5-50 32-825 0 
10 5-50 32-821 10 
21 5-44 32-820 21 
26 5644 326825 26 
31 5644 32-822 31 
52 5e44 32e825 52 
78 5642 32825 77 


103 5-35 32-845 102 
123 4.80 33-317 122 
128 4.71 33-511 127 
153 4.64 33-787 152 
178 4.36 33-830 177 
203 4.13 33-845 202 
ZOO 3-97 33-898 e535 
308 3-87 33-938 306 
388 3.90 34.036 385 
554 3e70 34-186*% 549 
584 3-58 34-209 579 
781 3e21 34-304 774 
978 2.89 34.382 * 969 
ITS 2e65 34-445 1163 
1460 2e 34 34e511 1444 
1470 2035 34-507 1454 


27 


DATE 13/ 4/78 


00 W 


SIGMA 
T 

25-920 
25.917 
25-9235 
25-927 
252925 
25.927 
25-929 
25.953 
26.388 
26.551 
26.777 
26.842 
26.878 
26.936 
26.978 
27.053 
27.192 
27.222 
272333 
27-424 
272496 
272-575 
27.572 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL VEPTH 


0 5-50 32-825 0 
10 5-50 32-821 10 
20 5044 32820 20 
30 5644 326823 30 
50 5044 32¢825 50 
Us 5042 32825 75 

100 5-36 326843 99 
125 4.76 33402 124 
150 4.65 33756 149 
LYS 4.39 33-825 174 
200 4.16 33-843 199 


225 4.06 334869 223 
250 3-98 33-893 248 
300 3e88 33-932 298 
400 3686 34.049 397 
500 3076 346143 496 
600 3055 342218 595 
700 3635 34.268 694 
800 3618 34.512 793 
900 3e01 342353 891 
1000 2.86 34.389 990 
1200 2662 346451 1188 


SIGMA 
it 

25-920 
25.917 
25-922 
250925 
25-927 
25-929 
25-991 
26.459 
26.752 
26-834 
26-8735 
26.904 
26.931 
26.972 
27.065 
27.152 
27-232 
27.291 
27-3435 
27.391 
272433 
27-504 


SVA 


209-2 
209.6 
20961 
208-8 
20961 
20961 
209-1 
20761 
165-9 
1504 
129.3 
123.3 
120.0 
114.8 
PLS 
104.9 
9229 
90.1 
80.6 
72.6 
66.5 
59.6 
59.8 


SVA 


209.2 
209-6 
20961 
209.0 
20961 
20961 
20762 
159.2 
131.6 
124.0 
120.4 
117.7 
be Ror) 
111.8 
105.8 
9603 
89.2 
84.1 
7967 
75-5 
71.9 
65.8 


GMT 20.0 
THETA SVA 
(THETA) 
5050 209-2 
5-50 209-65 
5-44 208-9 
5-44 208-5 
544 208-7 
5-44 208-5 
5-41 208-62 
5-34 20509 
4.79 164.6 
4.70 149.61 
4.63 127-7 
4.35 121.25 
4.12 118641 
3.95 112-5 
3-85 108-5 
3-87 10164 
3-66 B8el 
3.54 B5e2 
3.216 7426 
2082 6509 
2057 59.0 
2024 51le% 
2023 51-7. 
THETA SVA 
(THETA) 
5-50 209¢2 
5.50 209-5 
544 208-9 
5.44 208¢7 
5.44 208-5 
5.42 20863 
5-35 206c¢2 
4.75 157-9 
4.64 130e¢1 
4.38 12203 
4.15 118-6 
4.04 115-6 
3.97 113-0 
3-86 10961 
3085 100¢3 
3.72 91-9 
3250 84.3 
3-30 7806 
3012 7307 
295 691 
2.79 65el 
2054 5803 


STATION 


DELTA 
D 
00 
e2l 
0 4 
55 
e65 

1-10 
1.62 
2.15 
2.52 
2-60 
2.95 
3027 
3-58 
4.18 
4.78 
5.65 
7-28 
7-55 
9225 

10.74 

12.10 

13.86 

13.92 


DELTA 
D 
-00 
FOE 
42 
263 

1.05 
tadZ 
2.09 
2.56 
2.91 
3.23 
3054 
3.83 
Bele 
4.69 
5.77 
6677 
7.70 
8.56 
9.38 

10.16 

10.90 

12.27 


P 


POT. 
EN 
200 
001 
005 
007 
210 
029 
064 

1.12 

1.55 

1-66 

2.16 

269 

3029 

4.70 

6043 

9049 

17-350 
18.91 
30-55 
44.05 
59.01 
82.51 
83-42 


POT. 
EN 
200 
001 
04 
210 
e27 
60 

1-06 

1.60 

2210 

2262 

3.20 

385 

4.55 

6¢14 

9.99 

14.57 
19.77 
25.51 
31.77 
38 049 
45.62 
61.01 


OxY 


7233 
7-34 
7-32 
7233 
7233 
732 
7231 
7024 
5.77 
5.20 
3.74 
3.13 
2.75 
2.25 
2.09 
1.42 
0 BY x 
075 
053 
e50 
°51 
071 
78 


OxY 


7233 
7.54 
7233 
7233 
7232 
732 
7225 
5-52 
5-90 
321 
2.80 
2.53 
2.30 
2e11 
1.37 
1.00 

073 

61 

53 

eS1 

50 

053 


SOUND 


1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1471. 
1470. 
1470. 
1470. 
1470. 
1469, 
1469. 
1470. 
1471. 
1474, 
1474. 
1475. 
1477. 
1480. 
148635. 
14835. 


SOUND 


1470. 
1470. 
1470, 
1470. 
1471. 
1471. 
1471. 
1470. 
1470. 
1470. 
1469. 
1469. 
1469. 
1470. 
1472. 
1475.6 
1474. 
1475. 
1476. 
1477. 
1478. 
1480. 


10.00 


Feb ge Lf, 


BY.50 


SAled Nd Taso G70) 
32.50 33.50 


Sb250 


16.00 


ba < GU 


Oo 
= 
TE be 
aC 
ar | 
Sed 
oe 
Co 
jo 
Oo ~ 
ae 
li 
-— 
= 
= 
on id 
i) 
Oo 
~“1n Oo ~on- cu m = nm or~om- cu m = mM D~oo- > a nT 
<] DIX DOIX OODIX 


S3¥13W ‘HI dag 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 78 3= 59 
POSITION 50- «0 Ne 145- 
OBSERVED DATA 


PRESS TEMP SAL DEPTH 


0 5°65 32¢8)4 0 
10 5061 32-808 10 
20 5-56 32-806 20 
25 5°56 32-807 25 
30 5-56 32-809 30 
49 5-53 32-802 49 
73 5035 352839 Thee, 
oT, 4.99 33-4100 96 


116 4.85 334361 HAs) 
120 4.77) =3346571 119 
144 4.67 33-731 143 
167 4.44 33-816 166 
192 4.27 33825 ACT 
244 4.00 33-884 242 
301 3689 33-928 299 
386 3-90 34.042 383 
487 3-76 34.058 483 
585 3057 344208 580 
788 3025 342307 781 
994 2.90 34.386 984 
1198 20665 S34e449 1186 
1490 2e28 34-519 1474 


29 


DATE 19/ 4/78 


eO W 


SIGMA 
43 

25-8935 
25-893 
25-898 
25.899 
25.900 
25.898 
25-948 
26.195 
26-417 
26-592 
26-730 
26.822 
26.847 
26.922 
26.968 
27.058 
27.084 
272222 
272332 
27.427 
27.499 
27.586 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 


0 5e65 32-814 ) 
10 5°61 32-808 10 
20 556 32-806 20 
30 5e56 326809 30 
50 5052 32-803 50 
75 5032 326858 75 

100 4.96 334149 99 
neo 4.75 33-608 124 
150 4.61 334754 149 


175 4.38 33-819 174 
200 4.23 334835 199 
225 4.09 33.864 223 
250 3099 33-889 248 
300 3e89 33-927 298 
400 30.88 34.044 397 
500 3e73 34.079 496 
600 3-54 34.216 595 
700 3e38 34-4268 694 
800 3e23 34.312 793 
900 3-05 34-352 891 
1000 2-89 34.388 990 
1200 2665 346449 1188 


SIGMA 
T 

252893 
25-893 
25.898 
25-900 
25.900 
25.967 
26.237 
26.624 
26.755 
26-830 
26.860 
26.897 
26.928 
26-967 
27.062 
272104 
272232 
27.288 
27-338 
27.386 
27-429 
27.500 


SVA 


211.7 
211.8 
211.5 
211.5 
211.4 
211.8 
207-2 
18369 
163.1 
146.5 
13367 
12561 
122.9 
116.1 
112.1 
104.4 
102.6 

90.1 

80.8 

72.5 

66.3 

58-5 


SVA 


211.7 
211.8 
211.5 
211.4 
211.6 
20565 
180.0 
145-6 
131.3 
124.4 
121.8 
118.4 
115.6 
112.2 
104.1 
100.8 

89.3 

84.5 

8063 

7620 

72.35 

66.2 


GMT 


THETA 


5-65 
5.61 
5-56 
5-56 
5-56 
5°53 
5034 
4.98 
4.84 
4.76 
4.66 
Ge43 
4.26 
3298 
3087 
3287 
3073 
3053 
3-20 
2083 
2057 
2.18 


THETA 


5.65 
5.61 
5.56 
5.56 
5.52 
5.32 
4.96 
4.74 
4.60 
4.37 
4.21 
4.08 
3-97 
3.87 
3.85 
3.70 
3.50 
3.33 
SEL7 
2.99 
2.82 
2.57 


19.8 


SVA 


(THETA) 


elite? 
211.7 
211-3 
211-2 
211.0 
211.2 
20664 
182.9 
161.9 
145.3 
132.2 
1235.4 
121.0 
113.9 
109.5 
1009 

98-3 

B52 

74.8 

6567 

587 

50-4 


SVA 


(THETA) 


211.7 
21167 
211-3 
211.0 
211.0 
204-7 
179.0 
14202 
129.8 
1226 
119.8 
116.3 
113.4 
109-6 
100.6 
96-5 
84.35 
789 
THe2 
69-5 
6504 
5667 


STATION 


DELTA 
D 
00 
21 
043 
053 
064 
1.04 
1.56 
2.01 
2634 
2-40 
2074 
3204 
3235 
3.097 
4.62 
5054 
6059 
7254 
9-27 
10.84 
12.26 
14.08 


DELTA 
D 
00 
e2)} 
043 
064 

1-06 
1.59 
2-07 
2048 
202 
3214 
3045 
3075 
4.04 
4.61 
5-68 
6-73 
7-67 
8-54 
9-36 

10.14 

10.89 

12.27 


P 


POT. 
EN 
00 
001 
004 
07 
010 
26 
058 
98 
1-54 
1641 
1.86 
2034 
2091 
427 
6-10 
9-30 
14.00 
19.14 
3124 
45 048 
61631 
86017 


OxY SOUND 
7-34 1471. 
7235 1471. 
7233 1471. 
7-34 1471. 
7635 1471. 
7233 1471. 
7e37 1471. 
6645 1470. 
5-70 1470. 
5.09 1470. 
4.14 1470, 
3-21 1470. 
3.09 1470. 
2.37 1469, 
2.07 1470. 
1.41 1471. 
1.46 1473. 
e76 1474, 
°60 1476. 
°54 1478. 
°56 1480. 
e80 1483. 
OXY SOUND 
7034 1471. 
7235 1471. 
7033 1471. 
7.35 1471. 
7233 1471. 
7-30 1471. 
6-31 1470. 
4.87 1470. 
3-89 1470. 
3217 1470. 
2.97 1469. 
2.62 1469. 
2.34 1469. 
2.08 1470. 
1.42 1472. 
1.36 1473. 
°75 1474, 
°66 1475. 
°59 1476. 
057 1477. 
“54 1478. 
56 


1480. 


10.00 


34.50 30s 90 


0/00 
7a0) 


re Fata 3 33 


Sy LN lel, 


al, 30 


16.00 


baa. OD 


OB ioe 
=) 
ici 
Ce 
me 
t— 
Co 
Co 
Tie 
O_ ~ 
> 
LJ 
tA 
=) 
oO 
> 
D 
oO 
“in o-oo cu m = mn o-oo cu nm = Nno~-oo- cw nox wh 
<] DIX ODIX DOOTX 


SagLgn fiero 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 78- 3= 73 
POSITION 50- «0 Ne 145- 
OBSERVED DATA 


PRESS TEMP SAL DEPTH 


0 5095 32-813 0 
10 5-91 32.809 10 
3 5-88 32.808 19 
29 5-88 32-813 29 
48 S$e71 32-823 48 
73 5236 32-833 73 


98 5019 33-181 Di 
123 4.74 33¢463 122 
148 4.67 334712 147 
174 4.46 33-805 173 
199 4.29 33-829 198 
251 4.03 33-829 249 
302 3.89 33-828 300 
405 32-84% 34.040 402 
503 374 34.135 499 
SIE IT / 3.55 34.200 Soe 
803 3-09 34323 796 

1004 2081 34-397 994 
1204 2656 346448 1192 
1507 2029*%* 346521 1490 
2015 1.93 34.599 1990 
2525 1.72 34.635 2491 
3038 1.60 34.664 2994 
3554 1.51 34.671 3498 
4070 1.54 34.683 4001 
4172 1-53 34.685 4101 
4266 1.51 34.696 4192 
4276 1.50 34.685+ 4202 


31 


DATE 26/ 4/78 


00 W 


SIGMA 


T 
25.856 
25.858 
25.861 
25.865 
25.893 
25-942 
262237 
26.510 
26-715 
26.811 
26.848 
26.875 
26.889 
27.062 
27.2148 
27.218 
27.359 
27-443 
27.506 
27.587 
27-678 
27.723 
27.755 
27.767 
27.775 
27.777 
27.787 
27.779 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 


0 5e95 32-813 0 
10 5°91 32-809 10 
20 5-88 32.809 20 
30 5°87 32-814 30 
50 5°68 32824 50 
75 5-35 326858 75 

100 5e14 33-210 99 


125 4.73 334486 124 
150 4.65 33-720 149 
175 445 33-806 174 
200 4.29 33-829 199 
225 4.15 33.829 223 
250 4.03 33.829 248 
300 3-90 33-828 298 
400 3-84 34.031 SOT, 
500 3e74 34.2132 496 
600 30654 34.202 595 
700 3230 34266 694 
800 32-10 34.321 793 
900 2.95 34.361 891 
1000 2-81 34.396 990 
1200 2656 346447 1188 
1500 2629 34-520 1483 
2000 1.94% 34.597 1976 
2500 1.73 34.633 2467 
3000 1.61 34-662 2956 
3500 1.52 34.670 3445 
4000 1.54 34.681 3933 
4100 1.54 34.684 4030 
4200 1.52 34.688 4128 


SIGMA 
T 
25-856 
25.858 
25.861 
25-867 
25-897 
25-964 
26.265 
26.529 
26.723 
26.812 
26.849 
26.863 
26.875 
26.888 
27.054 
27.145 
27.220 
272294 
27.357 
27-402 
27-442 
27.505 
27.586 
27.676 
27.721 
MME feo P| 
27.766 
27-774 
27.775 
27.780 


SVA 


21502 
215-2 
215.0 
214.7 
21202 
207.8 
18061 
154.3 
135.2 
126.2 
122.8 
120.6 
119.6 
104.1 
96.7 
90.6 
78.0 
70.8 
65.4 
58-5 
50.7 
47.3 
4522 
44,8 
4567 
4507 
44.8 
45.4 


SVA 


21502 
21562 
215.0 
214.6 
211.9 
205.8 
177.4 
152.5 
134.4 
12601 
122.8 
121.6 
120.6 
119-7 
104.8 
96.9 
90.4 
83.8 
7802 
T4He3 
70.9 
6565 
58.6 
50-9 
47.4 
4563 
44.8 
45.6 
45.7 
4564 


GMT 20.7 
THETA SVA 
(THETA) 
5-95 215-2 
5-91 215.0 
588 214.8 
5°88 214.4 
Se71 211-7 
5-35 207-0 
5e18 17920 
4.73 153.0 
4.66 133.6 
4.45 124.4 
4.28 120.9 
G%.01 118.3 
3687 117.0 
3°81 100-5 
3-70 92.4 
3e51 856 
3.04 721 
2074 64el1 
2048 581 
2018 5002 
179 41.4 
1.54 3609 
1.37 3506 
1-23 3201 
1.21 3101 
1.19 30.8 
1.16 2967 
1.15 3065 
THETA SVA 
(THETA) 
5e95 21502 
5-91 215.0 
5-88 214.7 
5-87 21462 
$68 211.3 
5.34 205-0 
514 17663 
4.72 151-2 
4.64 1329 
G44 124.3 
4.27 120-9 
4.14 119-25 
4.02 118.4 
3-87 11761 
3-81 101-2 
3071 9206 
3-50 8564 
3.26 7804 
3204 7263 
2.89 68-0 
2.75 6402 
2-48 582 
219 50.4 
1.80 41.6 
1.55 3701 
1.39 338 
1.25 3203 
1-21 31.2 
1.20 31.0 
1.18 305 


STATION P 
DELTA POT. 
D EN 
00 200 
022 01 
041 04 
°63 209 
1-04 ©25 
1.57 °59 
2.04 1-00 
2646 1647 
2.82 1.97 
3017 2653 
3.48 3.13 
ee 4.56 
4.72 6.30 
5-88 10646 
6.86 14.99 
7-74 19292 
9047 32624 
10.95 45.91 
12.32 616025 
14.18 87405 
16.96 136482 
19.44 194.24 
21.81 261434 
24.12 339.00 
26.45 429.44 
26.92 449.17 
27.34 467221 
27638 469-22 
DELTA POT. 
D EN 
+00 00 
222, 01 
043 204 
265 210 
1.07 027 
1.60 061 
2.08 1.04 
2.49 1-51 
2.85 2.01 
3.18 2.55 
3.49 3.14 
3.79 3.80 
4.09 4.53 
4.69 6022 
5.83 10024 
6683 14.83 
7.76 20.08 
B.63 25-84 
9044 32.03 
10.20 38.62 
10.93 45.64 
12.29 60-90 
14.15 86045 
16.89 135.30 
19.33 191.21 
21064 256400 
23.88 330.30 
26613 416635 
26.59 435.20 
27.04 454.53 


OxY 


7.36 
7.37 
7.31 
7.34 
7047 
7.36 
6.29% 
5043 
4.20 
349 
3.05 
2.52 
2.01 
1.47 
1.23 
290 
057 
55 
059 
e 86 
1-46 
2012 
2.64 
3.08 
3.32 
3-38 
3.37 
3.52 


OXY 


7.36 
7.37 
7.32 
7.34 
7.46 
7.28 
6.20 
5.32 
4.15 
3.47 
3,04 
4 
2.53 
2.03 
1.49 
1.24 
89 
“72 
58 
-56 
255 
-59 
085_ 
1.45 
2.09 
2.60 
3.03 
3.29 
3.34 
3.38 


SOUND 


1472. 
1472. 
1472. 
1472. 
1472. 
1471. 
1471. 
1470, 
1470. 
1470. 
1470. 
1469. 
1470, 
1472. 
1475. 
1474, 
1475. 
1477. 
1480. 
1484, 
1491. 
1498. 
1507. 
1515. 
1524. 
1526. 
1527. 
1527. 


SOUND 


1472. 
1472. 
1472. 
1472. 
1472. 
1471. 
1471. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1473. 
1474. 
1474. 
1475. 
1476. 
1477. 
1480. 
1484. 
1490. 
1498. 
1506. 
1514. 
1523. 
1525. 
1526. 


DEPTH, METRES 


X100 


“OO 3TH Uo &—- wh 


ais 


OXYGEN, ML/L 

0.00 2.00 4.00 6.00 8.00 10.00 
* SALINITY, 0/00 

18 re APES Beau fo SH co po be Sh | 
A TEMPERATURE, C 

EU 4.00 00 13.00 16.00 


“DOO ds Ul 


Mw 


X10 


—OOJIqci = w 


mM 


X1000 
n 


on —-_ wh 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NO» 78 3- 79 
POSITION S0- 0 Ne 145- 
OBSERVED DATA 


PRESS TEMP SAL DEPTH 


0 5-66 32818 0 
10 5e61 32-818 10 
19° 5659 32-819 19 
29 5-59 32-815 29 
48 5059 32-820 48 
ve 5657 32818 te 
97 5057 32825 96 


121 4.83 336282 120 
144 4.64 332662 143 
168 4.54 334791 167 
192 4.35 33-817 191 
241 4.06 33-842 239 
290 3689 33-4907 288 
389 3087 34-029 386 
499 3672 340114 495 
584 3e60 34.167 579 
784 30620 34.277 777 
981 2689 34.377 972 
1171 2¢65 346437 1159 
1420 2034 342499 1405 
1428 2032 342498 1413 


32 


DATE 3/ 5/78 


0 W 


STIGMA 
T 

25.895 
25,901 
25.905 
25.901 
25-905 
25-906 
25-912 
262357 
262679 
26.792 
26.833 
26.883 
262952 
27.050 
272133 
27.187 
27.2312 
27.420 
272489 
27.565 
27.566 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 


0 5°66 32-818 0 
10 Se61 32818 10 
20 5059 32-819 20 
30 5-59 32-815 30 
50 5059 326820 50 
US) 5e57 32-819 75 

100 5046 32-895 99 


125 4.79 334556 124 
150 4.61 33-696 149 
175 4.48 334799 174 
200 4.30 33-821 199 
22> 4o.15 33-2834 223 
250 4.03 33-855 248 
300 3089 33-921 298 
400 3-85 34.038 Rohe Y/ 
500 Se72 342115 496 
600 3056 346177 595 
700 3e35 342235 694 
600 3017 34286 793 
900 3-01 34.2338 891 
1000 2686 346383 990 
1200 2e61 340445 1188 


SIGMA 
T 

25.895 
25.901 
252.904 
252902 
25-905 
25.907 
25-980 
26.419 
26-708 
26.804 
26-841 
26.868 
26.897 
26.963 
27.060 
272133 
27.198 
272264 
27.2322 
27.2379 
272428 
272499 


SVA 


211,5 
211.1 
210.8 
211.3 
211.1 
211.3 
211.0 
168.8 
138.5 
128.0 
124.3 
119.8 
113.6 
105.1 
98el 
93-5 
82.5 
7320 
67.0 
60.3 
60.2 


SVA 


211.5 
211.1 
210.9 
211.2 
2111 
211.2 
204.5 
162.9 
135.8 
126.9 
12365 
121.2 
118.6 
112.7 
104.3 
98.0 
92-5 
86.7 
81.6 
7606 
7204 
6662 


GMT 


THETA 


5.66 
561 
5.59 
5-59 
559 
5°56 
5°56 
4% 82 
4.63 
4.53 
4.34 
4.04 
3.87 
3284 
3268 
3-56 
3415 
2282 
2057 
2024 
2022 


THETA 


5.66 
561 
5059 
3°59 
558 
5°56 
5045 
4.78 
4.60 
447 
4.29 
4.13 
4.01 
3287 
383 
3°68 
3°52 
3e31 
3012 
2.95 
2-80 
2053 


19.5 


SVA 


(THETA) 


211.5 
210.9 
210.6 
21069 
210.5 
21064 
20969 
1676 
137.0 
126.3 
122.4 
117.6 
L1liel 
101.6 
9307 
886 
7606 
6663 
59.6 
5204 
5203 


SVA 


(THETA) 


211-5 
210.9 
210.7 
21069 
210.5 
210.4 
203.4 
161.6 
134-2 
125.2 
121.6 
11961 
1163 
110.0 
100.8 
9367 
87.5 
81-2 
7507 
7002 
656 
58e7 


STATION 


DELTA 
D 
e00 
e21 
040 
062 
1.02 
1.53 
2.05 
2051 
2.86 
318 
3049 
4.08 
4.66 
5074 
6-85 
7e67 
942 
10.95 
12.28 
13.85 
13-90 


DELTA 
D 
00 
e2l 
042’ 
063 
1.06 
1.58 
212 
2-58 
2095 
3.27 
3-58 
3°89 
4.19 
4.77 
5-85 
6.86 
781 
8.71 
9-55 
10.34 
11.09 
12.47 


P 


POT. 
EN 
200 
eO1 
004 
10 
o27 
061 

1.08 

1.61 

2el2 

2-66 

3026 

3092 

4e65 

6026 

10.13 
14.76 
20-10 
26203 
32047 
39232 
46-52 
62.02 


OxY 


7231 
7230 
726 
7.30 
7.30 
7.30 
7224 
3085 
4.34 
3.48 
3.06 
2.66 
2.08 
1.36 
1.11 

82 

058 

054 

054 

075 

e074 


OXY 


7231 
730 
726 


7.30 


7.30 
7.29 
7.03 
5.55 
4.11 
3.36 
2.99 
2.78 
2.54 
2.00 
1.33 
1.11 
280 
267 
258 
255 
54 
257 


SOUND 


1471. 
1471. 
1471. 
1471. 
1471. 
1472. 
1472. 
1470. 
1470. 
1470. 
1470. 
1469. 
1470. 
1471. 
1473. 
1474, 
1475. 
1477. 
1480. 
1482. 
1482. 


34 


10.00 


35.50 


0/00 
33.50 34.50 


32.50 
TEMPERATURE, 


SALINITY, 


31.50 


* 30.50 


E 


4.00 7.00 10.00 13.00 16.00 


. 00 


ost 
MN oreo 


nm = mM Oorewoor- ou 


S3H13H HI dag 


OU 
eo) 
! 
Mm 
! 
CO 
f~ 
! 


mK 


aA 2 ni-ooe 
OOEX 


on 
OOOtX 


35 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO- 78 3= 82 DATE 7/ 4/78 
POSITION 49-49.0 Ne 142-40.0 WwW 

OBSERVED DATA 


PRESS TEMP SAL DEPTH SIGMA SVA 


T 
0 6649 324749 0 25-738 226.4 
9 6646 324750 9 256743 22661 

19°. 6643 326744 19° 25-742 226.3 

29 6643 326745 29 25-6743 226.4 

48 6639 326754 48 25-755 225.4 

73 5-92 32-835 73° 256877 214.0 

99 5639 33.071 98 26.127 190.6 


25 5-18 33.4619 124° 26.584 147.5 
151 5e06 33.757 150 26.707 13661 
177 4.77 33.818 176 26.788 128.6 
203 4.60 33-830 202 266816 12661 
257 4.23 33-867 255 26.885 119.9 
309 4.02 33-928 307 26.955 113.6 
406 3-89 34.035 403 27.053 105.0 
510 3-72 34.122 506 27.2139 97.5 
603 3-55 34.200 598 27.218 90.6 
808 3e19 34.291 801 27.325 81.5 
1016 2.87 34.378 1006 27.423 72.9 
1219 2660 346443 1206 27.499 66.3 
1490 2e31 34.507 1474 27.574 59.7 
1499 2e350 34-507 1483 27.575 596 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA 


Ul 

0 6649 32-749 0 254738 226.4 
10 6646 326749 10 256743 22661 
20 6643 326744 20 25-742 226.3 
30 60643 32¢745 30 25-744 226.3 
50 6635 326761 590 254765 224.5 
rf) 5°88 32-851 75 25-895 212.4 
100 5-38 334103 99 266153 18641 


125 5618 33.619 124 26.584 147.5 
150 5°06 33-752 149 26.702 136-5 
175 4.79 334813 174 26.781 129.2 
200 4.62 334829 199 26.812 1264 
225 444 33-846 223 266846 123.4 
250 4.27 33-863 248 26-877 120-6 
3090 4.05 33.918 298 26.943 114.6 
400 3.90 34.029 397 27.048 105-5 
500 3e74 346114 496 27.132 98.2 
600 30656 34.198 595-227 «215 90.9 
700 3037 344246 694 27.272 86.0 
800 320 344288 193. =27 e521 81.8 
900 3e04% 346332 B92 «276571 774 
1000 2689 34.372 990 27.416 7305 
1200 20662 34.438 1188 27.492 66.8 


GMT 23.5 
THETA SVA 
(THETA) 
6649 226.4 
6-46 226.0 
6643 22661 
6643 226.0 
6639 224.8 
5091 21361 
5-38 189.4 
Se17 146.0 
5-05 134.4 
4.76 126.7 
4.58 124.0 
4e21 11724 
4.00 110.7 
3.86 101-4 
3-68 9301 
3-51 85-6 
313 7504 
2-80 66.0 
2252 5808 
2e21 51.5 
2-20 51.4 
THETA SVA 
(THETA) 
6049 22624 
6646 226.0 
60643 22601 
60643 225-9 
6635 223.8 
5°88 211.5 
S037 18609 
5017 146.0 
5-05 1348 
4.78 12763 
4.61 124.3 
4.42 12161 
4.26 118-2 
4.03 111.8 
3687 101-9 
3.70 9309 
3051 85-9 
332 8064 
3.15 75-8 
2-98 71-0 
282 66-6 
2-54 59-4 


STATION 


DELTA 
D 
00 
°20 
043 
66 
1.09 
1.65 
2016 
2.60 
2.97 
3-32 
365 
4.31 
4.92 
5.98 
7203 
790 
9-66 
11.26 
12.67 
14.36 


14.42 


DELTA 
8) 
e00 
e23 
045 
068 
1.13 
1.68 
2019 
2.60 
2.96 
3029 
3-61 
3292 
4.22 
4.81 
5-91 
6.93 
7288 
8.76 
9.59 
10.39 
11.15 
12.55 


12 


POT. 
EN 
00 
oO1 
004 
10 
27 
61 
1.06 
1.56 
2-08 
2.66 
3031 
4.85 
6-61 
10.47 
15-38 
20234 
32.97 
4781 
63-83 
87.18 
88.01 


POT. 
EN 
00 
01 
005 
10 
29 
064 
1.09 
1-56 
2-06 
2061 
3022 
390 
4.63 
6-28 
10.20 
14.86 
2016 
26-00 
32041 
5931 
46.62 
62-31 


OXY SOUND 


1474, 
1474. 
1474, 
1474. 
1474, 
1473. 
1472. 
1472. 
1472. 
1471. 
1471. 
1470. 
1471, 
1472. 
1473. 
1474, 
1476. 
1478. 
1480, 
1483. 
1484. 


OXY SOUND 


1474, 
1474, 
1474. 
1474, 
1474, 
1473. 
1472. 
1472. 
1472. 
1471. 
1471. 
1471. 
1471. 
1471. 
1472. 
1473. 
1474, 
1475. 
1476. 
1477. 
1478, 
1480, 


DEPTH, METRES 


X100 


—WoaIBau = ww 


x 0.00 


iy 30.50 


X10 


Wout & WwW 


x¥1000 


ue wh 


1.00 


=~! G3 Ul 


fe 


fT 


2.00 


31.50 


36 
OXYGEN, ML/L 
4.00 5.00 


SALINITY, 0/00 
32.50 33.50 


TEMPERATURE, C 
7.00 10.00 


6.00 


34.50 


13.00 


10.00 


35.50 


16.00 


37 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO. 78- 3= 86 DATE 8/ 5/78 
POSITION 49=-26+0 Ne 136-40.0 w 

OBSERVED DATA 


PRESS TEMP SAL LEPTH SIGMA SVA 


T 

0 8.06 32597 0 25-6404 258.3 
10 7097 32598 10 252418 257.1 
20 7e81 32592 20 256436 255.5 
29 7e73 32e593 29° 250448 254.5 
49 7266 32-604 49 25-467 253.0 
74 7014 322637 74 252564 244.0 
100 6653 32-703 99 25-697 231.6 


124 6633 352-970 123. 25.933 209.5 
149 6651 33-2388 148 266238 180.9 
174 66335 33-678 173° 262490 157.4 
200 6614 33-830 199 26.634 144.0 
2o0 5e74 33-880 248 266723 136.0 
300 4.96 33-888 298 26.822 126.7 
400 4.21 33-949 397 126e952, 41438 
494 4.23 34.070 490 27.046 106.8 
329 3084 34.147 594 276147 97.7 
603 30650 34-281 796 27.287 85.6 
1007 3-18 342366 997 27.385 77el 
1205 2¢85 34-431 1193 27.469 69.7 
1477 2¢38 34-504 1461 27.566 60.7 
1485 2e37 34-505 1469 27.567 60.5 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL LEPTH SIGMA SVA 


Y 

0 8.06 326597 0 256404 258.3 
10 7297 32-598 10 256418 25761 
20 7e¢81 3206592 20 256436 255-5 
30 Te73 = 32¢594 30 256449 254.4 
50 7e64 322605 50 25.470 252.7 
TAs) 7Te1l2 32639 75 25-568 243.7 
100 6653 32703 99 25-697 231.6 
125 6e¢54 32-992 124 25.949 208.0 
150 6650 336401 149 26.249 179.9 


175 6632 334683 174 26.495 15669 
200 6614 33-830 199 26.634 144.0 
225 5093 33856 223 26-681 139-8 
250 5-74 33.880 248 264723 136.0 
300 4.96 33-888 298 26-822 126.7 
400 4e21 336949 397 26.952 114.8 
500 4.21 34.075 496 27.052 106.2 
600 3e84 346148 595 27.148 976 
700 3-66 34.218 694 27.222 91.2 
800 3050 34.279 793 274285 85.7 
900 3034 346324 892 27.337 81.3 
1000 3019 34.564 S90 ei 27658e 774 
1200 2684 34.429 1188 27.467 69.8 


GMT 


THETA 


8.06 
7-97 
7.81 
7.73 
7.66 
Tels 
6.52 
6.32 
6.50 
6.31 
6.12 
5.72 
4.94 
4.18 
4.19 
3-80 
344 
3611 
2075 
2.28 
2.27 


THETA 


8.06 
7097 
7-81 
7-72 
7264 
712 
6652 
6233 
649 
6631 
6.12 
5-91 
5072 
4.94 
4.18 
417 
3-79 
3-61 
3245 
3227 
3-12 
2.75 


20.5 


SVA 


(THETA) 


258.3 
256.9 
25502 
254.0 
252-2 
24229 
230-3 
207.9 
178.8 
154.9 
141.2 
13267 
123.3 
110.9 
102.0 

9263 

7809 

69°05 

61-5 

5203 

521 


SVA 


(THETA) 


258-3 
25609 
25502 
253.9 
251.9 
242-6 
23005 
20603 
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25094 
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25499 
26007 
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27225 
Ziel 
27 045 
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26201 
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26092 
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262090 
26-97 
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20501 

17904 
139.28 
13129 
12549 
12303 
120e1 
11861 

Ll2e? 


DELTA 
D 
020 
Oe2l 
0042 
02. 63 
1e 04 
1255 
2205 
2044 
2278 
321909 
3e4l 
Sarre 
4.02 
4259 


STATION P 


POT e 
EN 
0e0 
0201 


Oe 04 


0210 
0226 
0259 
1203 
1248 
iM vs 
2049 
3208 
3e 74 
4246 
6«08 


SOUND 


1470¢ 
14706 
14706 
14706 
1470.6 
14706 
1470. 
1470. 
1471. 
14706 
1470.6 
14706. 
1470e 
1470. 


62 


TEMPE Te TAO AC 
L S Re? 


60 


‘aa 
“128 
Ly 
oes 
a) 
WS) 
Wen 
a 
©) 

40-0.0 N 145-0.0 W 
cH 0O.-4U DAY-3 GMT-17.1 
$003" 35 35 3 35 

SALINITY, 0/00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENC 
POSITION 


E NOe 
50- 


7T8- 3- 
Oe ONs 


RESULTS OF STP) CAST 


PRESS 


0 
10 
20 
30 
SO 
75 
100 
h25 
150 
ge 
200 
225 
250 
300 


TEMP 


Se 32 
Se3l 
Se3l 
5e30 
5024 
5022 
5017 
4.266 
4268 
447 
4029 
4e17 
4206 
4201 


SAL 


32483 
32283 
32283 
3285 
3285 
32¢ 86 
32091 
33261 
sett 
33282 
330 84 
33285 
33-88 
33095 


21 
145- O0O+«O0Ww 


DEPTH 


8) 
10 
20 
30 
SO 
75 
99 
124 
149 
174 
199 
223 
248 
298 


63 


DATE 


3/ 4/78 


GMT 17el 
81 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25095 
25095 
25295 
25296 
25497 
25298 
26203 
26264 
26076 
26082 
26236 
26-88 
26092 
26293 


SVA 


20608 
20720 
20628 
205e7 
20468 
20464 
200e3 
1426 
131-20 
LZSies 
L221 

12004 
11638 
111.28 


DELTA 
D 
020 
0» 2l 
Oe 41 
Oe 62 
1.03 
1254 
2205 
22048 
ee 82 
3014 
3045 
Je, CS 
4205 
4662 


STATION P 


POT .e 
EN 
020 
0eOl 
0204 
0209 
0«26 
0259 
1.604 
1 eS53 
2e0l 
203 ,3 
3el2 
3678 
4250 
6e 10 


SOUND 


14696 
14706 
1470. 
14706 
1470-6 
14706 
1471. 
1470-6. 
14706 
1470. 
1470. 
14706 
14706 
1470.6 


300 


DB 


500 


ee) 
© 
cas, 


Ranleporol Cision 


1206 


15005 


Se 
Samed Na 


64 


TEMPERRTLURE st 
= Ss) hee 


Reps NOs 70 Gs a |-22) 
10-030 N. 1HS=0:0 NW 
MUs=-4  VAT=8 Oriel eo 


ope 3 
14 Wee 


Sia 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENC 
POSITION 


EVNDic 
50- 


78- 3- 
Oe ONes 


RESULTS, OF) STP. CAST 


PRESS 


) 

10 
20 
30 
50 
TD 
100 
125 
150 
1:75 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 
1500 


TEMP 


52 39 
Sen? 
5e36 
5034 
S.<5:2 
Se 33 
Se30 
4263 
4259 
4e36 
4220 
4.209 
3298 
3297 
3e93 
3ef3 
3055 
3216 
22085 
2260 
2e35 


SAL 


32283 
32033 
32284 
32284 
S208 5 
320< 85 
32286 
33057 
33-75 
33281 
336 83 
33285 
33287 
33294 
34206 
34014 
3420 
34e31 
34040 
34246 
34251 


ae | 
145- 020wW 


DEPTH 


ie) 
10 
20 
30 
50 
43 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
$95 
793 
990 
1188 
1483 


65 


DATE 


BY 4/78 


GMT 2145 
156 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
if 
25094 
25294 
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1l/ 4/78 


GMT 1723 
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T 
25 e396 
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25296 
25497 
25298 
26201 
26268 
26081 
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Z2fei2 
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) 
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T 
25289 
25489 
25289 
25089 
25090 
25294 
26207 
26056 
26e75 
26082 
26287 
26039 
2620292 
26298 


SVA 


211¢6 
21243 
212 e1 
21242 
21125 
20804 
19507 
149-68 
13205 
12506 
P2 16'S 
119e¢1 
116¢e2 
Llle/?7? 


DELTA 
D 
020 
0e21 
0242 
0264 
1206 
1.59 
2e10 
2eD.3 
2< 88 
3e20 
Gasca 
3e8l 
4219 
4e67 


POT. 
EN 
020 
0201 
0204 
0.210 
Oe27 
0260 
1206 
1256 
2e04 
2057 
3016 
3681 
452 
6el2 


SOUND 


14706 
14706 
1470-6 
1471. 
1471. 
1471. 
1471le 
1470. 
1470. 
14706 
1470.4 
1465. 
1470.6 
14796 


60 


M 
es 


ee 
CO 
C 


PRESSURE, 


arae 


300, 


e 
SALE EIN! 


76 


TEMPERATURES 9© 
Ms S 


er a Nee ah Gee fs ad | 


 60-0.0 N. 145-0.0 W 


Ore e DIR torrie set 


33 S 
is Oo 


ye 


OFFSHCRE OCEANOGRAPHY GROUP 


REFERENC 
POSIT ION 


E NOe 
SU= 


78-7 3= 
OeINs 


RESULTS OF STP CAST 


PRESS 


100 
v2D 
150 
175 
200 
225 
250 


TEMP 


5294 
5e5] 
Seok 
52047 
5039 
5e24 
4266 
4047 
4e24 
4207 
4200 
3095 


S AL 


45 
145- 040W 


DEPTH 


124 
149 
174 
199 
ees 
248 


77 


DATE 15/7 4/778 


GMT 172e1 
85 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
I 
25e88 
25288 
25289 
25e90 
25293 
26204 
262583 
26e71 
26281 
26286 
26289 
26293 
26096 


SVA 


213-20 
213e7 
2128 
211¢6 
20848 
19826 
14738 
13563 
12606 
12166 
11828 
Api Sie 7 
Ll1l3ec 


DIL TA 
v 
Oecl 
0243 
0264 
1206 
1.57 
2201 
2036 
2eF8 
2099 
3229 
3259 
Crs! 4 


STATION P 


PCT. 
EN 
O20 
O#01 
0 e04 
0210 
QVec7 
0.59 
0-93 
1258 
1.84 
BL EMS 
2093 
3 ate 
4e25 


SGUND 


14706 
1470.6 
1470. 
1471. 
1471le 
1470. 
14706 
1470e 
14706 
1409.6 
14696 
14636 
14596 


300 


DB 


600 


CO 
eB, 
eB. 


PRBS, 


ous 


19005 


33 
SAL INI 


78 


TEMBER EME 
: 8 le 


3 - |46 


bO-0.0 N - 145-0700 N 


ete Oblate Meade 


Sys 3 3D 
Fr, 8708 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENC 
POSITICN 


E NOe 
SQ- 


78- 3- 
OeONe 


RESULTS OF STP CAST 


PRESS 


TEMP 


5e50 
5eSl 
om Ros | 
5e5l 
Se5l 
5e36 
4285 
4e71 
4.2.58 
4245 
4224 
4.213 
4204 
3294 
389 
3-70 
Li Ea ys | 
3e18 
2289 
2062 
2e35 


SAL 


32280 
32680 
32280 
3280 
32280 
3286 
33427 
33264 
33077 
33282 
33484 
33486 
33288 
334294 
34.208 
34e15 
34023 
34632 
34240 
34047 
34053 


46 
145- OedOwW 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 
1483 


79 


DATE 


17/7 4/78 


GMT 17¢2 
142 POINTS TAKEN FROM ANALGG TRACE 


SIGMA 
T 
25090 
25290 
25290 
259e90 
25299 
25096 
26035 
26¢65 
26077 
26283 
26036 
26289 
26 292 
26097 
27209 
27 ¢1.7F 
27e25 
27235 
270644 
27052 
270259 


SWA 


2116490 
21104 
elles 
21 ibe 
21128 
2060e0 
169e9 
141-20 
130e1 
12468 
12126€ 
11962 
11667 
111-9 
10128 
95el 

B7e7 
7909 
Tle 3 
6466 
58 06 


OELTA 
D 
ore) 
Oe2l 
0042 
0263 
1.06 
1258 
ee 06 
2045 
2078 
3e 10 
3e41 
3e 7 
4.01 
4258 
Se 64 
6 eb2 
7054 
9220 
102790 
12606 
13291 


STATIGN P 


POT e 
FEN 
020 
Oe01 
02 04 
OelO 
Ove? 
02e€0 
1.03 
1047 
1294 
2047 
3005 
3e7l 
4e42 
6003 
9280 

14632 
19244 

3leecZ7 

45201 

60e21 

352064 


S OUND 


14706. 
14706 
1471. 
1471le 
1471. 
147le 
1470.6 
1470.6 
1470.6. 
14706 
147006 
147vde 
14706 
14706 
1472. 
14736 
14 74.6 
1476.6 
1478. 
1480.6 
14846 


80 


TEMPERA TMi. 8 
- S 


60 


mM 

arin Pile 

a) 

i FS 

a 

i 

loo U 

om 

1.4 

50-0.0 N 145-0.0 W 

eU 0O.-4 DAY-18 GMIT-1/7.2 
S003" 35 


36 ope 3 
SALINITY, Y7oy 


OFFSHORE OCE ANGQGRAPHY GROUP 


Pires rors f Na 
PCSITICN 


E NOe 
oh 


78- 3- 
OeON, 


Re out JS OF Sie. CAST 


PRESS 


0 
10 
20 
30 
50 
yaa 
100 
i125 
150 
Ly 
200 
2 
250 
300 


TEMP 


5249 
5e50 
52590 
5e50 
2e 49 
Se es) 
5e00 
4e74 
4e61 
4047 
4e3l 
4e14 
4.05 
3091 


SAL 


32e32 
32082 
32¢82 
32283 
3283 
32287 
33e12 
33258 
S3ef7 
3382 
3aeBD 
33488 
33291 

33296 


48 
145- 0.0w 


81 


DATE 
GMT 


18/ 4/72 
L17e2 


STATICGN p 


739 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0) 
10 
a0 
30 
50 
W ge) 
99 
124 

149 
174 
199 
223 
248 
298 


SIGMA 
nF 

254092 
25092 
25292 
25292 
25093 
25497 
26021 

26260 
26.77 
26¢82 
26086 
26291 

26094 
26099 


SVA 


20964 
20909 
21020 
20953 
20904 
205e3 
18265 
145-7 
13065 
125.63 
l21¢€ 
117.9 
11467 
110¢0 


DELTA 
D 

Oe O 
Oe2l 
0e42 
YV2e63 
1205 
1.57 
22006 
2047 
2e8l 
3012 
3043 
3073 
4e 02 
4253 


POT e 
EN 
Oe 0 
0201 
Oe 04 
0210 
Q2e27 
0O2€0 
12604 
1250 
1297 
2230 
3209 
3074 
4e44 
6e01 


SG UND 


147Ce 
V4706 
147Ue 
1471. 
1471. 
1471. 
147 Os 
14706 
14706 
14 yy O'e 
147 Je 
14706 
1470e 
14706 


CO 
& 
&S 


Aosta, 


ic@0 


19005 


3e 
Saft Nh 


82 


TEMPERA IUGE, © 
4 S 


Rie: INE eae cata 2) 


SU-O0° Ne TS oURUeN 


Ono (URT= Po ONT lise 


oo 34 SEs 
i) Poe 8) ONE. 


OFF SHCRE CCE ANOGRAPHY GROUP 


REFERENC 
POSITION 
RESULTS 


PRESS 


O 

10 
20 
30 
50 

y fa 
100 
i) 
150 
ga) 
200 
225 
250 
300 
400 
S00 
600 
800 
100G 
1200 
1500 


E NOe 
ou 


78- 3- 
OeONe 


OF STP CAST 


TEMP 


5054 
5258 
SeO7 
ae 0 
Be we 
5437 
5200 
4273 
4264 
4249 
4214 
4202 
3491 
3292 
3e73 
356 
3e23 
3209 
2284 
2258 


SAL 


32e8i 
322e81 
32281 
32<8l 
32282 
32286 
33e14 
33264 
33274 
33479 
3382 
33484 
33487 
332092 
34205 
34615 
34e21 
34030 
34237 
34242 
34047 


38 
145- 0-«0W 


DEPTH 


124 
149 
174 
199 
Zes 
248 
298 
397 
496 
caps ss) 
793 
9990 
1188 
1483 


83 


DATE 


1d 4/78 


GMT 17e2 
166 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
252090 
25090 
25290 
25090 
25491 
25096 
26023 
26265 
26075 
26080 
26484 
26287 
260491 
260296 
27206 
27016 
27022 
27233 
27e41 
27046 
27452 


SVA 


DELTA 
D 
O20 
Qe2l 
0242 
Qe2e63 
le O06 
1eS8 
2207 
2246 
2289 
Senke 
3244 
Sie tl 
4e 04 
5e 70 
6270 
7263 
Je 34 
100838 
12233 
14.38 


Ad 


POT e 
EWN 
020 
0201 
VeVI4 
Oe lO 
O22? 
02€E0 
1204 
12e49 
1.396 
2250 
3210 
3476 
4248 
6 0 OG 
9294 

14.252 

19.73 

31.288 

462604 

62021 

90242 


SOUND 


14706 
1471. 
1471. 
1471le 
1471. 
1471. 
14706 
147V.e 
14706 
14706 
14706 
14706 
14096 
1470. 
1472.6 
1473. 
1474.6 
14766 
1478.6 
L1@Gie 
14356 


DB 


Peoria. 


60 


ae) 


180 


CUO 


3005 


oe 
SHea vel 


84 


ewan euaiprliviile 2 tC 
“ 6 le 


br UNE 
hO-O.0 N 145-0.0 W 


Puen hile Cum Malcctladerd 


33 3: ED 
lee brad 


OFFSHCRE OCEANOGRAPHY GROUP 


CEP ERE NG 
POSIT ION 


E NOe 
50- 


78- 3- 
0 eON»s 


RESULTS OF STP CAST 


PRESS 


0 
10 
20 
30 
50 

res) 
100 
125 
150 

Late 
200 
idee 
250 
300 


TEMP 


5269 
5267 
Se Gl 
5258 
5243 
5240 
5e16 
4e74 
4.2958 
4239 
4218 
42038 
4e02 
3299 


SAL 


32079 
3279 
See8 9 
3279 
32283 
32283 
32<e¢98 
3Os0D 
Soev uw 
33481 
33234 
33087 
33290 
33095 


60 
145- 020W 


DEPTH 


10) 
i0 
20 
30 
50 
75 
99 
124 
149 
174 
i99 
ene 
248 
298 


85 


DATE 20/7 4/78 


GMT 1742 
89 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
Tv 
25087 
eneh7 
25288 
25288 
25293 
25294 
26208 
26e58 
26077 
26283 
26287 
26 09D 
26094 
26299 


SVA 


213e9 
21420 
21305 
21341 
208309 
20803 
19520 
14707 
i30.1 
12540 
120¢8 
11709 
LlSe2 
11047 


DELZA 
D 
0420 
Ove2l 
02043 
Oe 64 
1206 
Lene 
2e10 
2253 
2a alld 
3049 
3079 
4.203 
4265 


STATION P 


POT. 
EN 
020 
0201 
0204 
0210 
Oo27 
025990 
1006 
1 «25 
2e 92 
2255 
3214 
30/79 
4249 
6208 


SOUND 


1471. 
1471. 
1471. 
1471. 
1471le 
1471. 
1471. 
14706 
14706 
14706 
146Ge 
14896 
1470.6 
1470. 


86 


TEMPERALURE, € 
* S Fe 


60 


(Fr) 
=~ thaw 
Kit) 
Cie 
on) 
ne 
i180 
ac 
Y 
FO-0O.0 N 145-0.0 W 
ene HO.-4 DAY-21 GMT-17.¢ 
3003" 35 35 ai] 35 
SALINITY, 0/00 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOeco 


POSIT ION 
RESULTS 


PRESS 


6) 
10 
20 
30 
50 
75 

100 
125 
150 
igs 
200 
ee 
250 
300 


2u= 


Tn) So 
OeONs 


OF STP CAST 


TEMP 


5266 
5e65 
5e62 
3635 
Seo3 
5042 
4e97 
4e/72 
4.258 
4043 
4224 
4209 
4202 
3096 


SAL 


32079 
32280 
32e80 
32280 
32280 
32¢82 
33e11 
33462 
33075 
33280 
33683 
33285 
33287 
33094 


66 
145- Oe«0W 


DEPTH 


¢) 
io 
20 
30 
50 
reo, 
99 
124 
149 
174 
199 
223 
248 
298 


87 


DATE 21/7 4/78 


GMT 17290 
84 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25087 
25288 
25289 
25289 
25090 
25292 
26021 
26264 
26076 
26482 
26e85 
26 2089 
26091 
26-97 


SVA 


2h.365 
21340 
PA28 
21204 
211069 
20947 
1830 
14264 
l3lece 
12600 
l22e5 
11925 
11702 
Liget 


DEETA 
dD 
0290 
Ovve2l 
0043 
Oe 64 
1205 
1259 
2e909 
2e50 
2<e83 
3156 
3047 
Sere 
Ge O7 
4064 


STATION P 


POTe 
EN 
020 
0201 
0204 
02190 
Oe27 
O2€1 
1205 
151 
1.659 
20532 
3ell 
3077 
4248 
he Q9 


SOUND 


1471. 
1471le 
1471. 
147le 
1471. 
1471. 
1470e 
14706 
14706 
1470.6 
14706 
14696 
14696 
14706 


Bist@25.5) 5) aire 


50 


CO 
fa) 


varae 


300,5 


he 
Dae LN] 


88 


TEM PERE ERRE , ¢e 
-. S le 


pO-0.0 N |S Oe oan 


Bis alba resem ano aye 


cis. 34 30 
FY, @4ae 


OFFSHCRE OCEANOGRAPHY GROUP 
REFERENCE NOeo 


POSIT ION 


a= 


78- 3- 
QVeQNo 


RESULTS. OF STP. CAST 


PRESS 


¢) 
10 
20 
30 
50 
TS 
100 
125 
1D. 
175 
200 
225 
250 
300 


TEMP 


50/5 
52058 
5e63 
5257 
5e41l 
5239 
5207 
4273 
4057 
4239 
4219 
4.209 
4eO0l 
3290 


SAL 


32¢79 
32079 
322e80 
32e81 
32082 
32283 
33208 
33056 
33077 
33280 
33283 
33485 
33 BY. 
33293 


68 
145- 0240W 


89 


DAT.E° 22/7, 4/778 


GMT 


1722 


STATION P 


86 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


SIGMA 
T 
25086 
25087 
25089 
25090 
25093 
25294 
26e17 
26259 
26077 
26282 
26236 
26089 
26091 
26097 


SVA 


21426 
21461 
Zlee7 
2116 
20903 
208e5 
18665 
147e1 
130.20 
1257 
12128 
11904 
117e2 
ll2ee 


NEL TA 
D 
Qe O 
Oe 21 
0243 
Oe 64 
1206 
1658 
2209 
2250 
20 B4 
3016 
3047 
3ef7 
4207 
4e€4 


POT e 
EN 
0.20 
0201 
O02 10 
Ovo27 
Oe 60 
1205 
lie 53 
22090 
Fad Ce \i 
3el2 
self 
4249 
6209 


SOUND 


1471. 
1471e 
1471le 
L4 71 
1471. 
1471. 
14706 
1470.6 
14706 
1470. 
146G. 
1469s 
1469-6 
14706 


90 


TEMPE iiasaiene es: ome 
u S 


60 


ce 

1 

it 

fy a 

a2) 

WK) 

1180 

6 

ee 

hO-O.O0 N 145-0.0 NW 
c0 0O.-U DAY-23 GMT-17.3 
S003" 35 34 3 35 
SALINITY, O/OO 


OFFSHCRE OQCEANOGRAPHY GROUP 


REre ke NG 
POSIT ION 


E NOe 
5U0= 


78- 3- 
0 eONe 


RESULTS OF STP CAST 


PRESS 


10) 
10 
20 
30 
50 
> 

100 
125 
1590 
175 
200 
225 
250 
300 


TEMP 


5284 
Sees 
5e656 
3), Koy 
Se42 
5240 
42638 
4250 
4e31 
4214 
4209 
4.200 
3291 


SAL 


32081 
32¢81 


32281. 


32832 
32283 
32283 
33420 
33266 
33e79 
33082 
33033 
33486 
3389 
33094 


69 
145- O0«0W 


91 


DATE 24/7 4/78 


GMT 


17s3 


STATION P 


89 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
50 
15 
99 
124 
149 
174 
199 
ces 
248 
298 


SIGMA 
ig 
25287 
25487 
25289 
25091 
25093 
25294 
26028 
26067 
26279 
2602e84 
26287 
26689 
26693 
26098 


DELTA 
D 
020 
Deel 
0243 
De 64 
1206 
isSe 
2e 07 
2047 
22 80 
Zeil 
3242 
3072 
4201 
4258 


POT. 
EN 
029 
Oe01l 
0204 
Oe 10 
Owe 
0200 
1204 
1249 
12.£S5 
2047 
3e 06 
Sie 7 1 
4242 
6201 


SOUND 


1472. 
14726 
1471. 
1471le 
1471le 
1471. 
147Ce 
1470-6 
14706 
14696 
1464e 
1466S 6 
1469. 
14706 


92 


TEMPERATURE, Ww 
L S Lie 


60 


mM 
Teo 
LL 
‘oo 
wm) 
ch) 
13180 
CE. 
e 
bHO-O.O0 N 145-0.0 W 
eH O.-4 DAYT-eu GMT-17.2 
$003" 35 35 3 35 
SALINITY, 0/00 


OFFSHCRE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSIT ION 


50- 


78- 3- 
Oe0N»o 


RESULTS OF STP CAST 


PRESS 


0 
10 
20 
30 
SO 
7> 

100 
125 
i150 
175 
200 
225 
250 
300 


TEMP 


6204 
5283 
5 e656 
5e43 
5240 
5e20 
4273 
4254 
4228 
4e13 
4204 
3298 
3290 


SAL 


328i 
32281 
320 82 
32e33 
32283 
32283 
32¢e8565 
33059 
33278 
33281 
33483 
33286 
330689 
33294 


70 
145- 0.0W 


¥3 


DATE 24/ 4/78 


GMT 


We2 


STAT ION 


93 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 


SIGMA 
T 
250 84 
25284 
25288 
25891 
29693 
25e 94 
25298 
26261 
26278 
260 84 
262¢87 
26 090 
26293 
26298 


SVA 


216064 
2166S 
213e5 
2lilel 
208e7 
208-26 
20404 
145e¢1 
12961 
L240 
120e9 
11862 
11565 
11104 


DELTA 
D 
erm) 
0022 
0043 
Oe 64 
12096 
1258 
2e19 
2% 35D 
2e 88 
3029 
350 
4.09 
4266 


POT e 
EN 
020 
0201 
0204 
0210 
Oe27 
0260 
1.2.06 
1e57 
2204 
2256 
3e14 
3e79 
4250 
6e09 


. 


SOUND 


14726 
14736 
1472.6 
1471. 
1471. 
1471. 
1471. 
14706 
14706 
14696 
14696 
14696 
1469.6 
14706 


94 


TEMP Gre ere ae Ve 
4 S) le 


60 


‘4 a) 
mrexn 
ici 
io 
=) 
Co) 
1180 
oe 
- 

H0O-0.0 N 145-0.0 W 
eH O.-4U DAY-2eS GMI-19.4 
30035 35 35 3 35 

SALINITY, 0/00 


OFFSHCRE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSIT 10N 


50= 


1B- 3- 
OeONe 


RESULTS OF STP CAST 


PRESS 


TEMP 


6208 
6207 
5293 
5266 
5256 
5e51 
5e29 
4278 
4263 
4241 
4e22 
4209 
4201 
3e91 


SAL 


32082 
32283 
See0to 
32284 
32234 
3284 
S200) 
332046 
I IME a 6 
33281 
334834 
33486 
33-89 
33-94 


72 
145- 02«0W 


DEPTH 


6) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
220 
248 
298 


95 


VAI tor 4779S 


GMT 1925 
83 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
if 
25285 
25286 
25087 
25091 
2509 3 
25293 
25296 
26250 
26476 
26482 
26286 
260690 
26293 
26098 


SVA 


21602 
rea es a g 
21461 
PIDs = 
20965 
209e1 
20601 
155e1 
13028 
12507 
12126 
11826 
11526 
11165 


DELTA 
D 
020 
Oe 22 
0243 
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1.206 
1.59 
2e ed 
2057 
2092 
3e24 
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3285 
4ea1l4% 
4e79 
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POT. 
EN 
0.0 
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0204 
0.10 
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0.60 
1.07 
160 
2.08 
2.61 
3-20 
3085 
4256 
6014 


SGUND 


14736 
14736 
1472-6 
1471. 
1471. 
1471le 
1471. 
14706 
1470. 
14706 
14696 
14696 
14706 
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DB 
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CO 
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= 
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33 3 Bo 
it, zoe 


OFFSHCRE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSIT ION 


= ie 


78- 3- 
OeOQN>s 


RESULTS OF STP CAST 


PRESS 


0 
10 
20 
30 
50 
75 

100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 

1000 

1200 

1500 


TEMP 


5e91 
5289 
5e87 
5286 
5259 
5238 
5e1l6 
4.73 
4063 
4245 
4229 
4210 
4202 
3091 
3e89 
Serr 
3260 
Sek 
22092 
2268 
2241 


SAL 


32280 
32280 
32e¢80 
32280 
32e81 

32282 
32e95 
33258 
33472 
33280 
33082 
33285 
33688 
33094 
342056 
340214 
34020 
34e31 
34240 
34246 
34051 


74 
145- O0e0W 


DEPTH 


6) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
3O7 
496 
595 
193 
990 
1188 
1483 
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DATE 26/ 4/78 


GMT 2le2 
149 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
oT 
25285 
25285 
254286 
25286 
25-90 
25293 
26206 
26260 
26073 
26281 
26285 
26289 
26092 
26298 
27208 
27215 
27222 
27234 
27044 
2%7e530 
27257 


SVA 


oii. 7 
Cio 
2157 
215-6 
212¢2 
20829 
197e2 
145¢e8 
134e1 
126067 
Lepore: 2 
1194 
1167 
11125 
103 el 
9604 
91el 
B0e4 
7109 
6602 
60¢8 


DELTA 
D 
Oe O 
00222 
0243 
De 65 
1.08 
1.260 
eeoal 
Zea 
2e 89 
3022 
3253 
3<33 
4213 
40790 
Sef7 
6<e76 
7270 
9e4l 
10093 
12¢31 
14623 
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POT. 
EN 
029 
0201 
0204 
0210 
0027 
0261 
1.06 
1e56 
22058 
3e if 
3284 
4055 
Hae 
9295 
14.251 

19.76 

31294 

45282 

61.31 

87-63 


SOUND 


1472. 
1472.6 
14726 
14726 
1471.6 
1471. 
1471. 
1470.6 
14 70¢ 
1470. 
1470. 
146396 
14706 
14706 
1472-6 
trie 
1474.6 
14 76e 
1478.6 
14806 
1484.e 


UB 


PRESSURE, 


60 
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Se 
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SAL INI 
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REP. NG. 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENC 
POSITION 
RESULTS 


PRESS 


O 
10 
20 
30 
50 
> 

100 
125 
150 
17> 
200 
225 
250 
300 


E NOe 
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ro €-—e 
Oe ON» 


OF STP CAST 


TEMP 


5280 
5280 
5278 
5278 
5 e606 
5e41 
et roe 
4e71 
4258 
4e36 
42018 
4207 
4201 
390 


SAL 


32084 
32084 
32284 
32284 
3285 
32086 
322¢88 
Be Ss Wee J 
33480 
33084 
3303836 
33289 
33291 
34200 


ok 
145- Oc«Q0W 


DEPTH 


0 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
ad 
248 
298 
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DATE 277 4/78 


GMT 17e2 
70 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
af 
25290 
25690 
25290 
259292 
25096 
25299 
260256 
260-79 
26085 
26e89 
26092 
26295 
27203 


OVA 


21104 
2lile?7 
21126 
21 ls7 
20Ge8 
20665 
20303 
14928 
12729 
leeeté 
119e2 
116e2 
11420 
10669 


DELTA 
D 
000 
Oe2l 
0242 
O02 63 
le 06 
1258 
ce O9 
2054 
22 88 
3<19 
3259 
Seto 
4.2038 
463 


STALLION. P 


POT. 
EN 
020 
O2«01 
0204 
0210 
Voa?r 
02606 
1206 
1257 
2295 
2256 
3014 
30 78 
42047 
6202 


SOUND 


1471. 
14726 
1472.6 
1472-6 
1472.6 
1471. 
1471le 
14706 
14706 
14706¢ 
1469. 
14696 
1469.6 
14706 


100 


TEEMPENR TORE,  1C 
“ S lee 


60 


1) 
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Lu 

sae 

_» 

U) 

3180 

Pe 

oe 
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OFFSHORE UCEANO GRAPHY GROUP 


REFERENC 
POSITION 


E NOe 
aO= 


a 
Oe ON» 


RESULT SOOF SSTPtGAST 


PRESS 


O 
10 
20 
30 
50 
“5 
100 
125 
150 
175 
200 
ano 
250 
3090 


TEMP 


5069 
5269 
5e69 
5 e69 
5047 
5e1l6 
4266 
4255 
4e31 
4213 
4204 
3296 
3088 


SAL 


32281 
32e81 
3281 
322e81 
320e81 
32¢ 83 
32e99 
332592 
33478 
33281 
33284 
33437 
33489 
33295 


76 
145- OeOdw 


DEPTH 


101 


DATE W28/5 4773 


GMT 172 
71 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25089 
25489 
25289 
25289 
25-89 
25093 
26209 
26057 
26078 
2608 3 
26288 
26091 
26093 
26099 


SVA 


2124 
21228 
21239 
21320 
21361 
20906 
194.3 
14964 
12869 
12423 
12005 
PEt e7 
11523 
11065 


DELTA 
b 
00 
ore1 
0643 
0. 64 
1.06 
1259 
eaTi 
2253 
20 86 
3018 
3249 
3079 
4.08 
4-64 


STATION P 


POT e 
EN 
0.0 
02.01 
0204 
02.10 
Ove? 
0e61 
1207 
1.254 
2202 
2eS4 
3e12 
3077 
4248 
6007 


SOUND 


1471. 
1471. 
1471. 
1471. 
14726 
1471. 
1471le 
1470. 
14706 
1469-6 
1469-6 
1469-6 
1469. 
1470-6 


300 


DB 


600 


CO 
Cc 
Cj) 


Rieke chaleur 


12004 


1300.5 


ove 
Serene 


102 


Wa ea lan Md ie et 
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REPS NU ee Geee oie mAs: 


OU-0-02N, Sheer Onn 
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ier re 


OFFSHORE OQCEANOGRAPHY GROUP 


REFERENC 
POSITION 


E NOe 
oh ty 


eae" 3s— 
Oe ONs 


RESULTS OF STP CAST 


PRESS 


TEMP 


5255 
5256 
52556 
5256 
5>«56 
5255 
5eis 
4205 
4256 
4237 
4017 
4204 
3298 
3e89 
3284 
Sentai 
aeDs 
3015 
2087 
2e6l 
2034 


SAL 


320282 
32e82 
32282 
seeGe 
32283 
32282 
33203 
33260 
33278 
3381 
3304 83 
332836 
3323839 
33296 
34207 
34e16 
34e22 
346-6 33 
34041 
34047 
34253 


78 
145- Oe dJW 


DEPTH 


8) 
10 
20 
30 
50 
75 
929 
124 
149 
174 
199 
223 
248 
298 
397 
496 
S95 
793 
990 
1188 
1483 


103 


DATE 


BFR OTIS 


GMT 17e¢2 
136 POINTS TAKEN FROM ANALDG TRATE 


SIGMA 
T 
25091 
25091 
25091 
25091 
25-92 
25091 
26013 
26263 
26.78 
26083 
26087 
26290 
26093 
27209 
27209 
27e17 
27e24 
27436 
27045 
2leS2 
270959 


SVA 


2106041 
21065 
21026 
210¢7 
210042 
211 63 
19026 
143.20 
12920 
12407 
121062 
118e2 
115e3 
10929 
101¢6 
S4.8 
B8e7 
7304 
7003 
3825 


DELTA 
UD 
0e0D 
Oe2l 
0242 
02« 63 
1.05 
1 058 
2e 10 
2e5l 
20 84 
3016 
3246 
3276 
4295 
4262 
5067 
6e65 
Te57 
9222 
10.71 
12206 
1389 


STATION P 


POT e 
EN 
0 20 
0201 
0204 
Oe10 
Oe2e7? 
0260 
1.207 
1.233 
2200 
2aSe 
3ell 
3076 
4046 
6204 
9079 
14.6283 
19041 
31e21 
44,281 
59.87 
85210 


SOUND 


14706¢ 
1471. 
1471. 
1471. 
1471. 
1472. 
1471. 
14706. 
14706 
147Ue 
14636 
1469¢ 
1469.6 
14706 
1471. 
14736 
14 74. 
1475-6 
1473806 
14806 
14 84.6 
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Oe ONes 


Reo s OF SAP CASS: 


PRESS 


0 
10 
20 
30 
50 
ge" 
100 
L225 
150 
1ZS 
200 
225 
250 
3900 


TEMP 


5e88 
5284 
5 e083 
5281 
580 
Se aN A 
5250 
4077 
402603 
4044 
4e26 
4e12 
4201 
3092 


SAL 


32282 
32e 82 
Seet2 
32e8e2 
32e82 
32082 
32e85 
33240 
3230/7 
3382 
33283 
3385 
33-88 
33293 
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145- 0-20W 


88 POINTS TAKEN FROM ANALOG 


DEPTH 


0 
10 
20 
30 
50 
TS 
99 

124 
149 
174 
199 
ees 
248 
298 
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DATE 
GMT 


SIGMA 
T 
25287 
25288 
25288 
25283 
25288 
25288 
25294 
26046 
26077 
26283 
26085 
26089 
26292 
26297 


4/ 5/73 
L722 


SVA 


21308 
21348 
2Zli3ef 
213¢e5 
21440 
21346 
20805 
L555 
13061 
12469 
12206 
11967 
116e5 
11204 


DELTA 
D 
De 
Oe2i 
0e 43 
0064 
WA Or7¢ 
1260 
Pel3 
22690 
2295 
3e 26 
3057 
3288 
ae 17 


STATION P 


TRACE 


POT e 
EN 
Oe 
Oe91 
0204 
0219 
Oeec? 
Qecl 
1209 
le62 
2e1f 
2263 
3222 
3288 
4259 
6220 


SNMUND 


1472.6 
1472 e 
LOW 
1 AT A 
14 7%2e 
1472-6 
14 72 « 
14706 
14706 
14706 
147Ce 
146096 
1465.6 
14706 
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DB 


600 


CO 
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cs 
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1200 


1300.5 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO 


POSITION 


PRESS 


0 
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20 
30 
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Ces: 
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200 
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400 
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600 
800 
1000 
1200 
1500 


T3=4,3= 


49-49e0N>s 
RESULTS)OF STP CAST 


TEMP 


8248 
6444 
6 044 
6242 
6241 
6438 
5253 
5018 
5e 01 
4267 
4240 
4224 
4el2 
4e02 
3290 
Jet 
4e55D 
3e2l 
2290 
2053 
22034 


SAL 


32074 
32074 
32074 
32074 
32074 
32875 
33203 
33064 
SCL df 
33481 
332084 
33286 
33288 
33094 
34206 
34214 
34e22 
34631 
34046 
34046 
34653 


81 
142-40 -0W 


DEPTH 


124 
149 
174 
199 
223 
248 
2986 
397 
496 
595 
193 
990 
1188 
1484 
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DATE 


Y OY ew AN 


GMT 20¢8 
155 POINTS TAKEN FROM ANALCG TRACE 


SIGMA 
T 
25073 
250674 
25074 
25074 
25074 
25275 
26208 
26060 
26273 
262830 
26085 
26283 
26e91 
26097 
27208 
27016 
2%e23 
27244 
27051 
270259 


SVA 


226009 
22608 
2260S 
22648 
2260S 
226e1 
19564 
1460 
134 04 
12728 
12343 
120e3 
117-9 
1126 
10361 
9620 
89e3 
B800«2 
7128 
6501 
58e5 


DELTA 
D 
Je 
Oe23 
Oe 45 
0268 
1le13 
1e70 
2023 
2265 
3200 
3efe 
3064 
3e 94 
4024 
482 
Se 88 
6 288 
7e 81 
9249 
11-201 
12<38 
14224 


STATICN 


POT e 
EN 
0e9 
0201 
0205 
0210 
0229 
0265 
Wenlliz 
1260 
2209 
2e6€3 
3e22 
SIA sve! 
4261 
6222 
10.202 
14.658 
19.278 
Sigg 7s 

450607 
600eS7 

86247 


12 


SOUND 


1474. 
1474.6 
1474.6 
14746 
14756 
14756 
14726 
1472.6 
1472.6 
1471. 
1470.6 
147Ge 
14706¢ 
14706 
1472e 
14736 
1474.6 
1476.6 
1478.6 
1480.6 
1484.6 


S00) 


UB 


600 


CO 
C 
C 


PRESSURES, 


1200; 


130035 


32 


108 


TEMG ATURE, 
u S die 


3 
U9-H1.0 N 14O0-40.0 NW 
MO. WAT=—8 (ONN-o1.5 


33 
Sail aNd Wy 


34 
, U7 00 


39 
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POSITION 


PRESS 
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30 
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wD 
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Ce 
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300 
400 
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1200 
1500 


7T8= 3 


49-41 eON»e 
RESULTS OF STP CAST 


TEMP 


7007 
7206 
7205 
7eAl 

6095 
6287 
6209 
Dee 
5073 
Giese 
491 

4261 

4241 
4e17 
3299 
3083S 
3065 
3e27 
2097 
eel 
2249 


SAL 


32281 
32281 
32281 
32e31 
32281 
32083 
33201 
33062 
33484 
33285 
33286 
33086 
350157 
33093 
34e0 3 
34e12 
342020 
34029 
34639 
34245 
34252 


140-40 .0W 
138 POINTS TAKEN FROM ANALGG TRACE 


DEPRA 


109 


DATE 
GMT 


SIGMA 
T 
25071 
S5a0f A 
coe dol 
25072 
25073 
25075 
26290 
26051 
26269 
26075 
26e8l 
26284 
26687 
26094 
27204 
et alt3 
27021 
27032 
27042 
27250 
27458 


SS "D703 


De5 


SVA 


22901} 
229 04 
Zero 
22829 
22825 
Ce Gets 
203 04 
BS Set 
1380 
132.4 
L27e3 
124e3 
121.5 
11529 
106e5 
9823 

Bel 
7305 
6701 
5929 


DELTA 
D 
Oe 0 
0023 
0245 
0069 
le 15 
1.71 
22026 
mer) 
3009 
32490 
3ef2 
4204 
4e 34 
4094 
6204 
7207 
Be G2 
Ie f5 
1129 
12<e70 
14262 


STATION 


POT e 
EN 
0ed0 
0201 
0205 
0229 
0265 
1214 
1¢64 
2e15 
2ef0 
Sircic 
4e01l 
4275 
6e4l 

10235 
15206 

20035 

32668 

46 «80 

62254 

86283 


if 


SOUND 


14766 
1477. 
1477. 
1477.6 
1477. 
14 77e 
1474. 
i47D5e 
1475.6 
14746 
4 7e% 
14726 
1471. 
1471e 
1472.6 
14736 
1474.6 
1475.6 
14736 
1480. 
1484.6 


300 


UB 


600 


CO 
& 
C 


PRESSURE. 


Levu 


1900.5 
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TEMPERATURE, & 
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OFFSHCRE GCEANOGRAPHY GROUP 


REFERENCE NOe 


POSIT ION 


PRESS 
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49-34e0Ne 
RESULTS OF “STP CAST 


TEMP 


7265 
7265 
7264 
7047 
724i 
6063 
6235 
5285 
5276 
5262 
5Se32 
4297 
4272 
4235 
4-208 
3e99 
30 74 
3e29 
3202 
eer 3 
2244 


SAL 


32072 
B2e72 
S2e72 
32073 
32e75 
32¢87 
33019 
33261 
33030 
33283 
33283 
332833 
33284 
33088 
34201 
34e10 
34018 
34e29 
34238 
34044 
34e51 


84 
138-40-.0W 


DEPTH 


) 
10 
20 
30 
50 
75 
99 

124 

149 

174 

199 

223 

248 

298 

397 

496 
595 
793 
990 
1188 
1484 


ce | 


DATE 


OY tas ae 


GMT 11¢8 
156 POINTS TAKEN FRGM ANALOG TRACE 


SIGMA 
a 
2592596 
252056 
252459 
25062 
25282 
26e11 
26250 
26266 
26070 
26074 
26278 
26281 
26288 
27e01 
27210 
27019 
27032 
27 e441 
27249 
27257 


SVA 


24304 
24308 
24309 
2400S 
239.1 
22002 
19209 
156¢0 
140e8 
W3i7 oS 
13462 
130.6 
12722 
120e7 
10961 
101.65 
G94e2 
B2ef 
7425 
67e7 
lel 


Dei TA 
D 
020 
0224 
0249 
Oe 73 
le2l 
1.79 
eae | 
2e753 
3e12 
3245 
3e 80 
4e13 
4246 
6e2l 
Ve 20 
Be24 
10200 
Hinor 
12299 
14262 


STATION 


POTe 
EN 
020 
0201 
0205 
Oel1l 
Qe3l 
Oe 67 
1214 
1264 
2e15 
2ef3 
Seo 
4210 
4288 

10e65 

15646 

2093 

33249 

47281 

9Oe«e 31 


10 


SOUND 


147+. 
14796 
1473%.6 
1475.6 
147Se 
14706 
14 766 
14756 
14756 
14756 
1474.6 
14736 
14726 
14726 
14726 
14 746 
1474. 
14 7he 
1473.6 
14306 
1484.e 
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POSITION 


PRESS 
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30 
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75 
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300 
400 
500 
600 
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oe 


49-260 0N>s 
RESULTS “OF STR CAST 


TEMP 


7230 
7282 
7266 
7260 
7240 
6047 
6045 
6239 
6e29 
5097 
5269 
5 e246 
5e32 
4 e044 
4232 
4.204 
3289 
Je 43 
3e19 
2e 33 
2040 


SAL 


32e61 
32<e61 
32<e61 
32262 
32264 
32e75 
33434 
33052 
33281 
33487 
33038 
33290 
33290 
33091 
34604 
34e12 
34e22 
34e31 
34241 
342048 
34.54 


85 
136-406 O0wW 
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DEPTH 


) 
10 
20 
30 
50 
75 
99 
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199 
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298 
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LIST OF OMISSIONS FROM DATA 


Hydrographic Data: 
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no sample 


no reading 
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bottle not 
sealed. 


no sample 


no reading 


Notes (MacNeill, 1977): 


1. The data is suspect because of a reversal of gradient by >.01°/00 (salinity) 
or >.08 m1/2% (oxygen) - 


2. The data is deleted because of very irregular data values (usually a mis- 
tripping or leaking bottle if both oxygen and salinity are irregular). 


3... eine data is deleted because duplicate samples at a depth were not within 
01 /oo (salinity) or .08 m1/% (oxygen) - 
STD Data: 
no omissions 


Note: Consecutive numbers 15 to 19, 37 to 41 and 61 to 65 are STD's taken as 
part of the MILE program and not included in this report. 


Pacific Marine Science Report 78-21 


& 2) / Government 
Ef Ee ae Publications 
— 7k] 


A STUDY OF WIND AND ATMOSPHERIC PRESSURE 
IN EASTERN PARRY CHANNEL, N.W.T. - SUMMER, 1977 


by 
S.H. Hill , 


D.B. Fissel and H. Serson 


INSTITUTE OF OCEAN SCIENCES, PATRICIA BAY 
Sidney, B.C. 


For additional copies or further information please write to: 


Department of Fisheries and the Environment 
Institute of Ocean Sciences, Patricia Bay 
P.O.) Box ,6000 
Sidney, B.C. 

V8L 4B2 


1 Institute of Ocean Sciences, Sidney, B.C. 
2 Arctic Sciences Ltd., Sidney, B.C. 


3 Defence Research Establishment Pacific, Esquimalt,B.C. 


Pacific Marine Science Report 78-2] 


A STUDY OF WIND AND ATMOSPHERIC PRESSURE 
IN EASTERN PARRY CHANNEL, N.W.T. - SUMMER, 1977 


by 


S.Hs Hilll, D.B. Fissel* and H. Serson? 


Institute of Ocean Sciences, Patricia Bay 


Sidney, B.C. 


197s 


This is a manuscript which has received only 

Limited circulation. On citing this ireport an 
a bibliography, the title should be followed by 
the words "UNPUBLISHED MANUSCRIPT" which is in 


accordance with accepted bibliographic custom. 


ACKNOWLEDGEMENTS 
Grateful acknowledgement is made to the Polar Continental Shelf 
Project for their assistance in the field, and to H. Melling and R. Lake 


for their editorial comments. 


$ Yaniz Be) wilt 
| otal ARMS ener f 03 int sbiet 


' 


This ia 2 senvuierigs intel nas voculpet’ andy 

LUal ted cittnisetl Ges: On eising Sinko. repost r fe j 
: & bibl gqraptyy the citle shows be FoLiawed ae rd 
the worte “UM BLA PANUSCRIDS® Uni oh ls 4a ‘ - i 


eticv=ienow with auceyeted bleh lograpaic esd the, 


ay 


ee an itn he ‘ome 7 


TABLE OF CONTENTS 


ABSTRACT 

INTRODUCTION 

REVIEW 

DATA COLLECTION AND ANALYSIS 


3.1 Station Locations 
3.2 Instrument Description 
3.3 Data Processing 


RESULTS 


4.1 Winds 
ald General Comments 
4.1.2 Power Spectra 


4.2 Comparison of Parry Channel Stations with Resolute 
4.2.1 Basic Statistics and Joint Frequency 


Distributions 


4.2.1 (a) July 19 - August 8: Resolute, Griffith 
Island, Somerville Island, Cape Anne, 
Rodd Bay 


(b) August 4 - September 15 : Resolute and 
Cape Charles Yorke 


4.2.2 Wind Roses 
4.2.2 (a) Somerville Island 
) Griffith Island 
(c) Cape Anne 
) Rodd Bay 
) Cape Charles Yorke 


4.2.3 Linear Regressions 
4.3 Pressures 


4.4 Comparison of Geostrophic Winds with actual Recorded 
Winds 


5. SUMMARY 


6. REFERENCES 


AvP PEON Dy TA 
AEP P Ve Ne DEA e IE 
Axe P EGNADRIEX. &2 


TABLE OF CONTENTS (cont.) 


46 
48 


50 
52 
58 


‘Oo 70 “I GQ) On) ee Go it 


wae 
1S; 


EISd,. OF- FIGURES 


Eastern Parry Channel region showing the locations of 
weather recording stations 


Data Collection Periods 

Topography in the vicinity of weather recording stations 
Data Processing Flowchart 

Time series plots of wind speed 

Time series plots of wind direction 

Time series plots of North component of wind velocity 
Time series plots of East component of wind velocity 


Power spectral density estimates of the wind speed and 
components at Resolute 


Power spectral density estimates of the wind speed and 
components at Griffith Island 


Power spectral density estimates of the wind speed and 
components at Somerville Island 


Power spectral density estimates of the wind speed and 
components at Cape Anne 


Power Spectral density estimates of the wind speed and 
components at Rodd Bay 


Power spectral density estimates of the wind speed and 
components at Cape Charles Yorke 
Comparative Wind Roses - Cape Anne and Rodd Bay 


Comparative Wind Roses - Griffith Island and Somerville 
Island 


Comparative Wind Roses - Cape Charles Yorke 


Time series plots of atmospheric pressure (corrected to 
mean sea level) 


& 6 


41 & 42 


Uhre 
We 


LIST OF TABLES 


Basic statistics of winds. 21.5 day period 
Basic statistics of winds. 42 day period 
Joint frequency distribution of wind speed and 
- Resolute Bay (21 days) 

Joint frequency distribution of wind speed and 
- Somerville Island (21 days) 

Joint frequency distribution of wind speed and 
- Griffith Island (21 days) 

Joint frequency distribution of wind speed and 
- Cape Anne (21 days) 

Joint frequency distribution of wind speed and 
- Rodd Bay (21 days) 

Joint frequency distribution of wind speed and 
- Resolute Bay (42 days) 

Joint frequency distribution of wind speed and 
- Cape Charles Yorke (42 days) 

Results of linear regressions of Parry Channel 
wind at Resolute Bay. 

Basic statistics of pressures. 


direction 


direction 


direction 


direction 


direction 


direction 


direction 


winds on 


Results of regressions of geostrophic winds calculated 


from pressure differences on recorded winds. 


Page 


Pe ues 
24 


25 


26 


a 


28 


29 


30 


3] 


39 
43 & 44 


45 


ABSTRACT 


Wind and air pressure data collected in eastern Parry Channel during the 
summer of 1977 are presented. Winds, as measured at the AES station at 
Resolute are found to differ significantly from simultaneous speed and 
direction measurements at other stations in the region, although correlation 
coefficients increase as the distance from Resolute decreases. Easterly 
wind components throughout the region show a better correlation with Resolute 
than do northerly wind components. A good correlation ( r2 = 0.76 - with 
limited data of 9 days duration) is found between calculated geostrophic winds 
and measured winds at two stations in Barrow Strait. 
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1. INTRODUCTION 


In the summer of 1977, self-recording wind and air pressure gauges were 
operated at various coastal locations around Barrow Strait and Lancaster 
Sound, over periods of up to 45 days. The wind measurements were used in 
other field programs of the Institute of Ocean Sciences, Patricia Bay, Arctic 
Marine Science Group : a Study of the Surface Currents of Eastern Parry 
Channel (Fissel and Marko, 1978), a Study of Sea-Ice Movements in Northern 
Barrow Strait (McNeill et al, 1978) and a Study of Sub-surface Currents in 
Eastern Lancaster Sound (Fissel and Wilton, 1978). 


In this report, we present all of the wind and air pressure data 
collected in the various field programs. Using this data, the Spatial 
variability of the wind-field over the eastern Parry Channel region is 
described. In particular, the winds measured at the permanent Atmospheric 
Environment Service weather station at Resolute, N.W.T., are compared with 
the winds observed at other sites to test the applicability of the Resolute 
wind measurements to other locations in this region. From the air pressure 
data, the geostrophic wind is computed and compared to the observed surface 
wind. The wind and air pressure values also provide a data base for the 
testing and calibration of a numerical model of the wind field of Barrow 
Strait currently being developed under contract to the Department of National 
Defence, Defence Research Establishment Pacific [Danard (1977) ]. 


2. REVIEW 


There have been few published works concerning the meteorology of the 
eastern Parry Channel region. Walker (1977) reviewed the meteorology of the 
Arctic Archipelago in general. Duck et al (1977) conducted a study of weather 
and weather-related factors in the Lancaster Sound area (79°W long. to 89°W 
long.) which might affect offshore drilling. The study was based on data 
from the Atmospheric Environment Service's station at Resolute, N.W.T., and on 
a limited number of ship observations. Although this study was mainly 
concerned with predicting extreme values of various parameters, part of the 
data includes wind roses and frequency tables of wind-speed classes for 
Resolute (July - October), and Lancaster Sound (August and September). These 
indicate that the average wind speed and direction are much the same in 
Lancaster Sound as in Resolute, although there is a smaller percentage of 
North (N) winds and a greater percentage of East (E) and West (W) winds in 
Lancaster Sound than in Resolute. 


Conway (1976) investigated the applicability of Resolute wind data to 
the entire Barrow Strait region based on previous investigations, data 
collected from Polar Continental Shelf Project summer camps, and on 
comparisons of upper air movements (gradient level - assumed to be 650 mor 
900 mbar) at Resolute to surface air movements. Some conclusions of this 
Study were: 


(1) Ratios of surface wind-speed to gradient-level wind-speed are often 
greater than 1, and are dependent on gradient-level wind-speed and 
direction. 


(2) Southwest (SW) gradient-level winds ate strongly distorted, typically 
becoming South (S) or Southeast (SE) at the surface. South winds are 
also distorted, becoming SE at the surface. Surface winds closely 
follow gradient-level winds from the N or SE directions. 


(3) Ship reports for the period 1947 - 1951, compared to data from 
Resolute during the same period, indicate that wind-speeds over 
Barrow Strait and Lancaster Sound are typically higher than those in 
Resolute. 


Danard (1977) developed a mathematical model to predict mesoscale 
(10 km grid) effects of topography on surface winds in Barrow Strait, based 
on upper air measurements and Resolute surface temperatures. Results of 
these predictions indicate that differences between Resolute winds and 
computed surface winds are large in some areas of Barrow Strait, notably on 
the northern shore of Somerset Island and over offshore areas directly south 
of Devon Island. 


3. DATA COLLECTION AND ANALYSIS 
3.1 Station Locations 


Three self-recording anemometers and four self-recording air pressure 
gauges were installed at the locations shown in Figure 1 [W1 (Somerville 
Island), WP3 (Cape Anne), WP4 (Rodd Bay), P5 (Cape Hurd), and P6 (Cape 
York) ],in early July, 1977. The sites were revisited on August 20 to 
change the data tapes and films, and were finally removed on August 31 
(see Figure 2). Similar measurements, recorded for use in complementary 
programs, were made by McNeill et al (1978) at Griffith Island (W2), and Lea 
(1977) at Cape Charles Yorke (WP7) in Lancaster Sound. 


The station sites were chosen to provide simultaneous measurements of 
wind and pressure around the periphery of Barrow Strait and Lancaster 
Sound. In selecting the wind measurement stations, sites were chosen so 
as to minimize the influence of the local topography on the wind-field. 
Many sections of the coastline are mountainous, making a suitable site 
difficult to find, e.g. on the rugged terain of the southern Devon Island 
coast, no adequate anemometer location could be found. Even at the 
locations where anemometers were eStablished, the local topography, as 
Shown in Figure 3, may significantly alter the wind-field for some wind 
directions. In comparisons of the wind measurements in section 4, the 
topographic effects will be discussed. 


3.2 Instrument Description 


The anemometers used in this study were of two types : the Braincon 
Histogram anemometer at stations 1, 3 and 4, and the Aanderaa self- 
recording anemometer at stations 2 and 7. The Braincon instrument employs 
a 3-cup rotor speed sensor with a direction vane referenced to the fixed 
instrument orientation. During 14.375 minute time exposures (one every 
fifteen minutes), a photographic record is made of the speed and direction 
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Figure 3. Topography in the vicinity of weather recording stations. 
Contour intervals are 100 feet. 
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Figure 3 (Cont'd) Topography in the vicinity of weather recording 
stations. Contour intervals are 100 feet (except for 
Cape Charles Yorke, where intervals are 200 feet). 
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data using two radioactive sources exposed to the film. The speed 
information is read as the length of an arc on the film caused by the rotor- 
driven movement of one radioactive source, while the direction information 
is taken as the mean angle of the direction arc made by the other radio- 
active source on each exposed frame of film. Because of weak radioactive 
Sources used in the instrument, the speed and direction accuracies were 

less than optimal; the accuracy of the speed arc measurements from the 

film are estimated at + 5 degrees or +10 percent, whichever is greater, 
corresponding to a minimum speed uncertainty of + 0.6 m/sec. Inaccuracies 
of instrument calibration and functioning will add to this. 


In the Aanderaa anemometer, the speed measurement is via a 3-cup rotor, 
while the wind direction is measured by means of a vane oriented to the 
fixed heading of the instrument. The data was recorded in digital form on 
%-inch magnetic tape. The averaging period and sampling interval are the 
same in these instruments. A 30-minute sampling interval was used at both 
Stations 2 and 7. The accuracy of the wind data, according to the 
manufacturer, is + 2% of the speed, and better than + 5° in direction. 

The threshold speed of the speed sensor is 0.3 - 0.5 m/s, while the 
direction sensor responds at speeds of at least 0.3 m/s. 


The air pressure measurements were made with Applied Microsystems 
gauges (sampling interval = 7.5 min), at stations 3, 4, 5 and 6, and an 
Aanderaa Water Level gauge (sampling interval = 30 min) at station 7. In 
both types of instruments the pressure is measured by quartz crystal 
oscillators manufactured by Paroscientific Inc. (Paros. 1976). The digital 
resolution of these sensors is estimated at better than 0.001% of the full 
scale pressure range corresponding to 0.02 mbar for stations 3, 4, 5, and 6, 
and 0.01 mbar for station 7. In practice, the actual accuracy depends on 
environmental considerations, particularly the operating temperature 
(Paros, 1976). Our calibration tests suggest a difference in indicated 
pressure of 1.7 mbar between temperatures of O°C and 20°C. Based on the 
temperature recorded at Resolute, the temperatures over the measurement 
period had a range of about 10°C, corresponding to an uncertainty of 1 mbar 
in the absolute pressure data. For comparisons of simultaneous pressure 
measurements at different sites, the uncertainty will be less than 1.0 mbar 
Since the temperatures are expected to be highly correlated among the 
various locations. In computing absolute values of air pressure, the 0°C 
pressure calibration data was used. 


3.3 Data Processing 


A schematic representation of data processing pathways can be seen in 
Figure 4. 


Raw data tapes from instruments giving direct digital readout 
(Aanderaa data loggers and Applied Microsystems pressure gauges) were 
translated electronically using a Hewlett-Packard 2100S computer. The 
resulting data were then processed, calibrated and written in final form 
On magnetic tape using the UNIVAC 1106 computer at the Institute of Ocean 
Sciences, Patricia Bay. Raw data on 16 mm film from the Braincon recording 
anemometers were digitized by visual means and then punched on cards. 
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These data were then checked for keypunch errors, calibrated and written 

in final form on magnetic tape, uSing the UNIVAC 1106 computer. Atmospheric 
pressures were written in millibars, reduced to mean sea-level based on 

air density computed with an air temperature of 5°C and 100% humidity. 

Wind speeds were written in metres/second, and wind directions (i.e. the 
direction from which the wind blows) in degrees true. 


Basic statistics (mean, standard deviation, maximum and minimum) were 
calculated for all data, and the time-series of atmospheric pressure, wind 
speed, wind direction, and the North and East components of the wind vector 
were plotted. Joint speed/direction frequency charts were generated for the 
wind data, both for the entire period of observation at each station, and 
also for selected periods, so that comparisons among stations could be made. 


In order to assess the degree of inter-relationship between winds at 
Resolute and those measured at other sites in Parry Channel, linear 
regressions of winds at outlying stations on the wind recorded at Resolute 
were calculated according to the method of Panofsky and Brier (1958). 

Since the data at Resolute was hourly, data from other stations had to be 
reduced to hourly by calculating averages of data on either Side of the 
hourly period. Other than this, the data was not smoothed or processed 

in any way before performing the regression. The Program was written 

with the inclusion of specified time lags (which could be positive 

Or negative) between predictor and predictand, so that temporal variation 
in the inter-relationship could also be examined. Variation of the 
correlation coefficients with the frequency of wind variations was not 
examined. As a further visual check on how winds at outlying stations 
related to those in Resolute, a computer program was devised to compute 

and plot comparative wind roses for each of the five outlying wind stations. 
Eight roses were plotted for each station, each one corresponding to winds 
at Resolute from each of the eight principal compass directions. Each rose 
then shows the direction distribution (on a 16-point compass) of winds at 
the outlying station corresponding to wind from a particular direction at 
Resolute. Each rose is labelled with the wind direction at Resolute, and 
with the percentage of the total wind observations at Resolute which came 
from that direction. A variable low-speed cut-off was built into the 
Program so that, when wind speed at either Resolute or the outlying station 
was less than the desired cut-off speed, the observation would be deleted. 
The wind roses seen in Figures 16 through 18 resulted from data periods 

of varying lengths and a low-speed cut-off of 3 m/s. 


Geostrophic winds resulting from instantaneous pressure differences 
between two stations were also calculated in a limited number of cases, 
using the relationship 

mE MOORS Ap 
& “Daénpsin[e, + 65)/2] 


where : U, = geostrophic wind speed (m/s) 
Ap = pressure difference (mbar) 
D = distance between the two stations (metres) 


SrA 9 uae 


2 = rate of angular rotation of the earth (sec ?) 
o = density of air (kg/m?) 
61,0) = the latitudes of the two stations ~ 


The direction of the geostrophic wind was taken to be 90 degrees to the 
right of a line joining the two stations used. These calculated 
geostrophic winds were compared to winds recorded at either of the two 
pressure stations. The component of the recorded wind along the 
direction of the geostrophic wind was calculated, and a linear regression 
of this component on the calculated geostrophic wind was performed - 
again using specified time lags to examine the temporal variation of the 
inter-relationship. 


Spectral analysis techniques [given in detail in Fissel (1976)] were 
used to examine the power spectral density of the time-series wind data. 
Fourier sine and cosine coefficients were calculated for the wind speed 
and the North and East components of the wind vector using the Fast 
Fourier Transform algorithm devised by Singleton (1969). These coefficients 
were then used to calculate the power spectral density, which is given by 


ox (f) = [a(f£)2 + b(£)2] / 2Af 
where f = frequency 
Af = the reciprocal of the time sequence 
duration 
a(f),b(f£) = Fourier coefficients 


Groups of 5 adjacent raw spectral estimates were averaged in order to 
reduce random error, and the resulting curves of power spectral density 
versus frequency were plotted. 


RESULTS 
4.1 Winds 
4.1.1 General Comments 


Over the Parry Channel region, the mean pressure distribution for 
July (Pilot of Arctic Canada, 1970) suggests a weak net flow of air 
to the south. A ten-year summary of the hourly wind observations at 
Resolute (Atmospheric Environment Service, 1975) shows that the most 
common winds observed during the months of July through September 
are W through N, and E through S in direction. While the former 
range of directions are more frequent, winds in the latter range 
tend to have higher mean speeds (9.5 m/s for E winds against 7.0 

m/s for N winds). 
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The wind data collected for this study is presented as time 
series plots in Figures 5 to 8 with the basic statistics and joint 
frequency distributions of speed and direction for the entire data 
record of each station given in Appendix 1. The winds at Resolute 
over the three month period, July through September 1977, had much 
the same direction distribution as did the ten-year means for the same 
time of year (Atmospheric Environment Service, 1975), indicating that 
winds during the observation period covered by this report were 
typical - at least in their direction distribution. One noteworthy 
feature of the wind data is the reversal, in late August 1977, of 
the E-W wind component; as seen in the time series plots for Resolute 
and Cape Charles Yorke (Figure 8), prior to late August the component 
of the wind parallel to Parry Channel was from the E, whereas after 
late August the wind blew from the W. Such a reversal, if repeated 
in other years, could have important consequences to the movements 
of ice and water in Parry Channel. 


4.1.2 Power Spectra 


The power spectra of wind speed and N-S and E-W components, shown 
in Figures 9 through 14, all indicate that the largest variations all 
occur at the lowest resolvable frequencies. A steady decline of the 
power spectral levels with increasing frequency is seen; no 
Statistically significant peaks are found in the diurnal and semi- 
dirunal frequency bands. At the lowest frequencies, the E-W 
component had larger spectral levels than the N-S component; this 
difference is statistically significant at all locations, with the 
exception of Resolute and Griffith Island. 


4.2 Comparison of Parry Channel Stations with Resolute 


When comparing the results from different stations, it must be 
remembered that all the anemometers were not at the same height above 
ground-level. Mean wind speeds over a common time period are corrected 
to a standard anemometer height of 10 m in Appendix 2. The results 
indicate that an increase in speed of approximately 10 to 12% is appropriate 
for stations 1, 3 and 4. In addition, the anemometers were located at 
varying heights above mean sea level. It should also be recalled that all 
anemometers do not have the same sampling rates, so that, for example, 
records from the Braincon anemometers, which sample four times per hour, 
appear more variable in the time-series plots than records from other 
anemometers which sample one or two times per hour. 


In the following sub-sections, we shall compare, in detail, the winds 
observed at outlying stations with the winds measured at the Atmospheric 
Environment Station at Resolute. 


Att Basic Statistics and Joint Frequency Distributions 


Basic statistics and joint frequency distributions of wind speed 
and direction can be seen in Tables 1 through 9. Mean wind speeds 
over common time periods are corrected to 10 m anemometer height in 
Appendix 2. 
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Power spectral density estimates of the wind Speed and 
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Fig. 10. Power spectral density estimates of the wind speed and 
components at Griffith Island. 
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Power spectral density estimates of the wind speed and 
components at Somerville Island. 


Bandwidth = .1263 day~! 


LOG SPECTRUM 


ar 4. Ss. 
FREQUENCY IN CYCLES PER ORY 


Wind speed 


- indicates 95% confidence limits 


2 \ 

5 Ve : —— N. component 
° ‘ ry 

3° Wiese ee ee 0 Pee E. component 

o 

~ 


3. As 5. 
FREQUENCY IN CYCLES PER CAY 


Components 


i a OA 


Log (Spectral density in m2-s 2-day). 


LOG SPECTRUM 


L8G SPECTRUM 


a he 


Power spectral density estimates of the wind speed and 
‘components at Cape Anne. 
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Fig. 13. Power spectral density estimates of the wind speed and 
components at Rodd Bay 
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Fig. 14. Power spectral density estimates of the wind speed and 
components at Cape Charles Yorke. 
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Table 1 Basic statistics of winds. 21.5 day period. 
STATION: GRIFFITHS . INSTRUMENT/TAPE$ T4/1 
LAT: 74 VEG 31 MIN 0 SEC Ne LONG: 95 DEG 10MIN 0 SEC We 
1032 RECORDS PROCESSED. START TIME: 3: U HRS GMT» 19/ 7 1977. 
RECORDS/HOUR= Za 

PAKAMETER UNITS MEAN STD DEV. MAX e MIN. 
SPEED METERS/SEC 5264 3-30 14.01 054 
NW=S COMPONENT METERS/SEC 3299 aeoo 13.36 “4.54 
t-w COMPONENT METERS/SEC — 47 3.94 12-42 -8.234 

STATIONS RODD BAY. INSTRUMENT/TAPE$ 77/1 

LAT: (73 DEG. 55 MINSK SEC Neer LONG ie 90—DEG-TB=MIN--OFSEC We 
2064 RECGROS- PROCESSED .S WAR ciel ME Siegessss O HRS GMPe 197 7 IODA. 
RECORDS/HOUR= 4 

PARAMETER UNITS MEAN STDeDEV. MAX e MIiNe 
Sher wD METERS/SEC Delo 2264 11.20 e00 
N=-S COMPONENT METERS/SEC 1.36 1.58 6-94 4.55 
E-w COMPONENT MEVERS/SEC -1.6] 3278 11.19 “949 

STATIONS SeVILLE IS. INSTRUMENT/TAPE: L5/1 

LATS 874 DEG 42° MIN 70 SEC Ne “LONGS [96 DEG GLO MIN USEC We 
2U64 KECURES PROCESSED. START TIME: 3:3 U HRS GMTe 19/7 7 1977. 
RECORDS/HOUR= 4 

PARKAME TCR UNITS MEAN STD-eDEV. MAX e MIN. 
SPEED METERS/SEC 3218 2029 9.96 °23 
Ne-S COMPONENT METERS/SEC 1.00 1.87 9-36 ~1.77 
t-w COMPONENT METERS/SEC -.9% Bie LS 9.72 =-B 44 

STATION? CAPE ANNE. INSTRUMENT/TAPE: 78/1 

LAT: 74 UtG o MIN OQ SEC Ne LONG? 94 CEG 44 MIN OO SEC We 
2004 RECORDS PROCESSED Y (START, AIMEE: - 35. 0 HRS: GMT, 19/7' 7 1977. 
RECORDS/HOUR= = & 

PAKAMETEK UNITS MEAN STOeDEV. MAXe MIN. 
SPEEU METERS/SEC 2046 15 10-42 re) 
N=-S COMPONENT METERS/SEC 003 1.49 Peat 5-04 
t-w COMPONENT METERS/SEC Re We 2049 et -7.97 


is. = 


Table 1 (Cont'd) : Basic statistics of winds, 21.5 day period. 


STATIONS RESOLUTE « INaTRUMEWT/TAPE: 
LATS 74 vEG 41 MIN OU SEC 


ye LONG 94 DEG 54 MIN O SEC We 
516. RECORDS, PROCESSED... START Hie. PS. 0 HRS. GMT s 19%) Jed G7. 
RECCOKDS/HOUR= - 

PARAMETER UNITS MEAN SiD«SGN. MAX e MIN. 
SPEED METERS/SSEC 4.83 Seas 15004 e0U 
N=S COMPONENT METERS/SEC Ea oy) 4.08 14.70 5282 
Lew COMPONENT METERS/SEC =e ls S35 10-50 —-7e15 
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Table 2: Basic statistics of winds. 42 day period. 


STATION: KESOLUTE ° INSTRUMENT/TAPE: 

LATS 74. DEG 41. i5MIN) @eSEC Net eiGNGS GtOerbEG aSaimMIN 0 GESEG WW. 
1008, RECORDS: PROCESSED. STARTC-IMIME £ are?) OHHRS GMT aes SBPorl7. 
RECOKDS/HUUR= 1 


PAKAMETER UNITS MEAN STO -«DEV. MAX MIN. 
SPEED METERS/SEC 4.56 2.79 14.75 © 00 
N=S COMPONENT METERS/SEC 1.48 53041 11-45 -10.84 
E=-w COMPONENT METERS/SEC =. 34 5283 11.76 -11.45 


>TATLON: C. Chas. Yorke INSTRUMENT/TAPE?: 

LATS: ofaevete 43a6¢IN oO-SEC Ne LONGS 82 DEG 45 MIN O SEC We 
2016 RECORDS PROCESSED. START TIME’ 18: O HRS GMTe Of 6. E97 bs 
RECORDS/HOUR= 2 


PARAMETER UNITS MEAN STD +DEV. MAXe MIN. 
SP RED MiSLERS/ SEC 4.99 2022 12.92 © 30 
N=-S COMPONENT METERS/SEC 049 1-94 4.15 ~7648 


E=-w COMPONENT METERS/SEC 24 5007 lee72 -10.53 
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Table 4 : Joint frequency distribution of wind speed and direction. 


PROGKAMS OCRAINCON WINL DATA (DREP) STATION? 


WLIO KECORUS FROM 21 LAYS STARTING AT 6300 HRS GMT OM 


L977 WERE cXAMINEU. 


ZULl6o MEASUKEMENTS WERE PROCESSED IN THIS ANALYSIS. 


SEE Oe CLASSAM/SEC) 


moe A AS Se 6" 


19/ 7» 


U- 2- 4- o- B= 10= 12= 14- 16= 18= 20- 22= 24- TOT 


2 4 6 Gee be, Lo. bia. LO! Be 
Ne aT Gh Fo, Fels 8) J 0 ) 0 
WO NN os Sed 0 S) 8) 0 8) 0 0 0 


7 big 24 ) 5) u Q 0 0 0 0 


K pees le 0 0 Q 9 9) 0 0) 0 
& SSa 1é 0 8) U 3) 0 0 0 ) 
G Ww $ oO 0 0 0 0 ) 0 0 0 


OD NW to P9Ge 1 Ge eon sop Oe epee ee ln 
NS AW. So TEGS Fee “500572 ome 0, Ou 0 


NAWiss) 938. oe. Pee aot 2 U 0° 0 0 


20 


0 


0 


0 


0 


oe 


0 


0 


0 


0 


24 INF 
* 
0 O* 
* 
0 O* 
»*K 
Q O»* 
* 
0 Q * 
* 
0 Ox 
ok 
0 O* 
> 
0 O* 
2k 
0 O* 
* 
0 U* 
aK 
0 O* 
*K 
0 0 * 
K 
0 O* 
x 
0 O* 
Kk 
0 U* 
* 
0 O* 
* 
0 O* 


AL 


69 


53 
he 
399 
4UU 
316 


Lis 


AI CIAO I OOOO ORI ok ORK Kf 


TOTAL 3 793 492 436 251 4 v) 0 0 0 


0 


0 


0 


* 


0*201lo 


Table 5 : 


PROGKAMS 


Wil RECORUS FROM 21 DAYS STARTING AT 
1977 weRE EXAMINE. 
1008 MEASUREMENTS WERE PRUCESSEO IN THIS ANALYSIS. 


Wo ONE 
i Nt 
N  E€WNE 
D & 

Ese 
U Sy 
I Soe 
K S 
Ee 1 SSW 
C Sw 
T wow 
1 W 
O wNw 
N NW 


NiNWw 


a7 


19 


« OF 


10= 
12 


12 


li 


U 


el 


24 


STATION: GRIFFITHS 


18 


2 


LS 


10 


6 


e 


16 


0 


0 


0 


SPEED CLASS(mM/SEC) 
Lee7 ite 
14 


lo- 


18 


0 


0 


0 


0 


0 


Loo 


20 


0 


0 


0 


0 


6:00 HRS GMT ON 


0 


0 


0 


0 


Joint frequency distribution of wind speed and direction. 


19/ Te 


24 INF 
x 
0 0 * 
* 
Q O* 
x 
0 O* 
* 
0 Ox 
* 
0 O* 
* 
0 O* 
* 
0 QO * 
Ys 
0 Ox 
K 
0 Q* 
XK 
0 0 * 
XK 
0 0 * 
* 
0 QO * 
* 
0 0 * 
*K 
0 U * 
K 
0 U* 
K 
0 0 * 


20= 22- 24—- TOT 
22 


AL 
15% 
be 


14% 


an 


tid 


1840 


224 


ORO OR OOK AG IIR II III GORI ORIG I AIGIOR I IOI ARK AK OF 


POTAL 


iG) cum ah Ii 106 


69 60 


] 


0 


0 


0 


0 


* 


O*1008 


~ 29 


Table 6 : Joint frequency distribution of wind speed and direction. 
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Table 7 : Joint frequency distribution of wind speed and direction. 
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Table 8 : Joint frequency distribution of wind speed and direction. 
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4.2.1 (a) July 19 - August 8 : Resolute, Griffith Island, Somerville 
Island, Cape Anne, Rodd Bay. 


Even after correction to the 10 m standard anemometer height, it 
is clear that wind speeds at Resolute and Griffith Island are 
considerably higher than at the other 3 stations. Griffith Island 
winds were higher than those at Resolute, which might have been 
expected since the anemometer at Griffith Island was in a comparatively 
high, very exposed location on the edge of a steep cliff. However, 
the mean wind speed at Somerville Island (which is very close to 
Resolute, with nearly the same anemometer height above mean sea level, 
but with a much more exposed location) is much lower than the mean 
wind speed at Resolute - which is surprising. Virtually all of the 
recorded wind speeds at Somerville Island, Cape Anne and Rodd Bay were 
below 10 m/s, compared with only 87.1% at Griffith Island, and 90.9% 
at Resolute. All stations show a net flow from the north, with both 
Resolute and Griffith Island having a significantly higher mean N-S 
component than the others. As for the E-W component, all stations 
also show a net flow from the west, as evidenced by the negative mean 
value of the component in all cases. 


Some interesting facts emerge from a comparison of the direction 
distribution of the winds at Resolute relative to those at Somerville 
Island. Somerville Island is a small, low, regularly-shaped island, 
roughly 14 km from the nearest point on Cornwallis Island and 33 km 
from Resolute. Because of its exposed location, free from any major 
topographical effects on the wind field, it is felt that wind 
measurements at Somerville Island are probably the best indicator we 
have of the undistorted wind field in the Resolute area. Differences 
between Somerville Island winds and Resolute winds are then likely to ~ 
reflect topographic effects on winds in Resolute. 


Somerville Island winds have a sharp peak in the direction 
distribution in the E direction. This peak does not show up in the 
Resolute distribution, but appears to be "smeared out" into directions 
from E through S. This may be caused by the possible deflection of E 
winds in their passage over the low hills to the northeast (NE) of the 
weather station at Resolute, which run in an approximately northwest 
(NW) - SE direction. These low hills may also deflect W and west- 
northwest (WNW) winds, which are the most common directions at 
somerville Island, into the NW through N directions, which are most 
common at Resolute. One other topographic feature which strongly 
affects the wind distribution at Resolute is the large, high hill to 
the SW of the station. This hill effectively seems to eliminate 
nearly all south-southwest (SSW) through west-southwest (WSW) winds 
(which are uncommon, but not absent at Somerville Island) from the 
weather station at Resolute. 


The wind distribution at Griffith Island has similarities to the 
distribution at Resolute and Somerville Island. The most common wind 
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directions at Griffith Island are NW through N, similar to Resolute. 
Winds from the east-southeast (ESE) to SSW are almost entirely absent, 
similar to Somerville Island. One unique feature is the large number 
of winds from the NE which are not seen at either Resolute or Somerville 
Island. These differences may be attributed to the fact that the 
anemometer at Griffith Island was about three times as high above sea 
level as the others, and was on the edge of a high, east-facing cliff. 


Both Rodd Bay and Cape Anne have peaks in the wind distribution at 
the E direction, similar to Somerville Island. However, their 
distributions are otherwise very different one from the other, and 
from either Resolute or Somerville Island. Rodd Bay shows a very sharp 
peak in the WNW direction, and virtually no winds in the north-northwest 
(NNW) through NE, and ESE through WSW directions. Thus winds at Rodd 
Bay are almost entirely east-northeast (ENE)/E and WNW/NW, which is 
apparent in the power spectra curves (see Figure 13) showing much 
larger power spectra levels for the E-W component than for the N-S 
component in all frequency bands examined. This dominance of the E-W 
flow is surprising, because the topography at Rodd Bay shows a natural 
N-S channel for wind movement. It seems likely that winds blowing 
directly into or out of Prince Regent Inlet in the region of Rodd Bay 
were rare or absent during the period of observation, since those winds 
would most likely be funnelled down that channel, producing winds that 
would be strongly N or S in direction. Cape Anne winds had a peak in 
the direction distribution in the SW/WSW directions, which were not 
common wind directions in any of the other stations examined. Perhaps 
these were westerly winds deflected by the coastline of Somerset Island, 
which runs approximately SW-NE in the region of Cape Anne. 


4.2.1 (b) 4 August - 15 September : Resolute and Cape Charles Yorke 


Since Cape Charles Yorke is roughly 390 km to the east of Resolute, 
we might expect few similarities between the two stations. As seen in 
Appendix 2, the corrected mean wind speed at Cape Charles Yorke (CCY 
hereafter) is higher than at Resolute. Both stations show a net flow 
from the west, but CCY shows a net flow of air from the south compared 
to a net flow from the north at Resolute. The N-S component is much 
less variable at CCY than at Resolute, as evidenced by lower values of 
maximum and minimum N-S component and smaller standard deviation of 
the N-S component seen at CCY. 


Winds at Resolute are most commonly WNW through N, with small peaks 
at the E/ESE and S directions (the distribution is much the same as 
during the observation period examined previously). Once again, due to 
the topographical effect mentioned above, there are very few winds from 
the SSW through WSW directions. Winds at CCY are nearly absent in all 
but the ENE/E and SW through W directions. The comparatively large 
number of SW winds may be responsible for the net southerly flow seen 
at CCY. These SW winds may be winds blowing out of Admiralty Inlet 
along the shore of Baffin Island, which runs SW-NE in the vicinity of 
CCY: 
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Even with the greater variability of wind direction at Resolute, 
a similarity is found in the general trends of the E-W components of 
the two stations, as seen in the time series plots (Figure 8). A 
reversal in the general E-W flow occurred at both stations, from a 
flow predominantly from the east prior to late August to a flow 
predominantly from the west after that time. 


1 OY Wind Roses 


Comparative wind roses are found in Figures 15 through 17. (Recall 
that the labelled directions under each rose refer to the wind 
direction at Resolute.) These wind roses compare the wind direction 
at an outlying station with the wind direction at Resolute, so that 
topographic effects on Resolute wind, as described in 4.2.1 above, 
must be kept in mind. Only pairs of records in which both the wind 
speed at Resolute and at the outlying station were greater than 3 m/s 
were used in the construction of these figures, so that weak, variable 
winds which might distort the true picture of wind direction variation 
have been removed. All analyses cover different periods of time, 
according to the length of simultaneous data available at each station. 


4.2.2 (a) Somerville Island 


W and E winds at Resolute are not distorted here, but SE, NE, N 
and NW winds all appear to be rotated by about 45° in a counter- 
clockwise direction at Somerville Island. This may be due to the 
NW-SE bias at Resolute caused by the local topography, as described in 
4.2.1 (a) above. South winds at Resolute become E E winds at 
Somerville Island. 


4.2.2 (b) Griffith Island 


Only NW and N winds are comparatively unaffected at Griffith Island. 
S,; SE and E winds are all deflected to become NE at Griffith Island, 
and NE winds at Resolute become N at Griffith Island. 


4.2.2 (c) Cape Anne 


There seems to be a general trend for winds from all directions at 
Resolute to be deflected by between 22.5° and 45°, in a counter- 
clockwise direction, at Cape Anne. Exceptions to the trend are : E 
winds, which are not greatly changed; S winds, which are deflected 
roughly 90°; and NW winds, which are highly variable. 


4.2.2 (d) Rodd Bay 


Results here reflect the strongly bi-directional character of 
Rodd Bay winds described in 4.2.1 (a) above. All winds at Resolute 
are changed to become either NW or E at Rodd Bay. Thus, only NW winds 
and E winds are unchanged at Rodd Bay. N and W winds become NW, and § 
and SE winds become E. NE winds at Resolute are NW at Rodd Bay, which 
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Figure 15. Comparative Wind Roses - Cape Anne and Rodd Bay. 
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Figure 16. Comparative Wind Roses - Griffith Island and Somerville 
Island. 
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Figure 17. Comparative Wind Roses - Cape Charles Yorke. 
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js not surprising because NE winds at Resolute are likely to be 
distorted N winds, as described in 4.2.1 (a) above. 


4.2.2 (e) Cape Charles Yorke 


Once again the wind roses reflect the strongly bi-directional 
nature of the winds at Cape Charles Yorke (CCY), which are mostly E 
and SW through W, as described aboye in 4.2.1 (b). Thus, winds in 
those directions at Resolute are largely unchanged at CCY (SW winds 
tend to be changed to W and S winds at CCY). Northeast winds tend 
to be deflected toward the E, and SE winds appear to be deflected 
toward the NE. Northwest and S winds are deflected toward the W. 
North winds at Resolute appear to become either W/SW or E/NE at CCY. 


4.2.3 Linear Regressions 


Information from the linear regression analysis is Summarized in 
Table 10. The results are much the same as those presented in 4.2.1] 
and 4.2.2 above. Correlation of wind speeds of outlying stations to 
those in Resolute is poor, ranging from a high (r2 = 0.44) at 
Somerville Island to a low (r2 = 0.09) at Cape Charles Yorke. As 
might be expected, the correlation coefficients decreased with the 
distance of the predictand station from Resolute. Correlation 
coefficients of E-W components did not change very much with. distance 
from Resolute, ranging from a high (r2 = 0.45) at Somerville Island 
to a low (r2 = 0.36) at Cape Anne. The correlation coefficients of the 
N-S component, however, did decrease drastically with distance from 
Resolute, ranging from a high (r2 = 0.50) at Somerville Island to a 
low (r2 = 0.01) at Cape Charles Yorke; [an exception to this pattern 
was Rodd Bay (r2 = 0.37 for the N-S component), but the higher 
correlation there may be a reflection of the relative lack of a N-S 
component in winds at Rodd Bay, as described in 4.2.1 and 4.2.2 above]. 
Thus, variations of the E-W components show more consistency along the 
length of Parry Channel than variations of the N-S components, as might 
be expected from the geography of the area. 


Significance levels of the regression and the correlation coefficient 
are virtually all better than 99.9%. Thus, a significant correlation 
exists between predictor and predictand in all cases, but the typically 
low values of r2 indicate that, in most cases, the correlation is not 
simply linear. Examination of the time series plots of the N and E 
components of wind velocity (Figures7 and 8) indicate that, although 
the correlation of short period variations for any pair of stations is 
low, longer period variations (periods greater than 3-4 days) might be 
better correlated, especially in the case of the East components. 

Lack of correlation at high frequencies is intuitively expected, since 
phenomena occurring over short temporal scales will usually occur over 
short spatial scales as well. Further analysis of the data is required 
to ascertain whether or not low frequency variations of winds in 
eastern Parry Channel can be adequately predicted from measurements of 
Resolute surface wind. 
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4.3 Pressures 


Time-series plots of pressure can be seen in Figure 18. Basic 
statistics of pressure at all stations, over a common time period of 
9.5 days from 21 August to 31 August, are given in Table 11. 


It was originally planned to collect continuous atmospheric pressure 
information at stations WP3 (Cape Anne), WP4 (Rodd Bay), P5 (Cape Hurd) 
and P6 (Cape York) from approximately 12 July until approximately 2 
September but, due to a problem with magnetic tapes at these four stations, 
the first portion of the.data (up to approximately 21 August) was lost. 
In addition, there was an unknown malfunction in the detector at Cape York 
(see Figure 18). The pressure record there shows large, apparently diurnal 
fluctuations. These are an artifact, most likely related to diurnal 
temperature variations, but the exact mechanism by which the apparent 
pressure changes were brought about remains unclear. Finally, the record 
at Cape Hurd was quite noisy - 244 records had to be removed during the 
statistical analysis because they were outside the acceptable range. Thus, 
the pressure records collected are of only limited use because of the short 
data period available in most cases, and the unreliability of some records. 


The time-series plots indicate that major trends in pressure 
fluctuations are much the same at all stations, which is to be expected 
Since all stations are within a small geographical area in relation to the 
typical scale size of synoptic atmospheric systems. There are some obvious 
differences in the pressure records at Resolute and Cape Charles Yorke; 
pressure fluctuations at Resolute seem to be larger than at Cape Charles 
Yorke. 


The basic statistics indicate that all stations had lower average 
pressure than Resolute during the 9.5 day period examined. The average 
pressure at Cape Charles Yorke during this period was 1012.65 mbar 
compared with 1016.59 mbar at Resolute, indicating a fairly strong mean 
geostrophic flow of air from the north during that period. However, the 
time series of north components of winds (see Figure 7) shows a very weak 
and variable north component at Cape Charles Yorke, and an only slightly 
larger north component at Resolute during the period examined. 


4.4 Comparison of Geostrophic Winds with actual Recorded Winds 


Unfortunately, the available useful pressure data was very limited, 
So that there was not enough data available for a long-term analysis of 
the relationship between geostrophic winds and recorded winds. The results 
presented in Table 12 covera maximum period of analysis of only 9 full 
days (from 22 August to 30 August inclusive). The recorded wind at Cape 
Anne shows a negative correlation to the calculated geostrophic wind 
(which is essentially northerly) caused by pressure differences between 
Cape Anne and Rodd Bay. Surprisingly, the correlation is highly significant 
and the relationship between the two variables is reasonably linear 
(r2 = 0.59). Wind measurements were not taken at Rodd Bay during the time 
of this analysis, so it was not possible to see if the negative correlation 
existed there also. 
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Table 11 : Basic statistics of pressures. 


STATION: CAPE YORK . INSTRUMENT/TAPE: 165/72 
Ala LO edt OF UN USE te SONG we lS/ DEG UiuM IN OMGEC. Wie 
824 KRECUKDS PROCESSED, START hivit 14345 HRS, GMs, 21/7 8 1977. 
Ke CORDS/HUUR= ts 

U RECORDS WERKE OUTSTIDc THE RANGE 960 TO 1940 mB. AND WERE 
VELETED. 


PARAMETER UNITS MEAN STDe«DEV. MAX. Mlie 
“PRESSURE MILLIBARS 1015043 = 7.14 1030.75 1003 ..€5 


DUATHLON? CAPE HURD 3. INSTRUMENT, TAPE. 1106/2 
CAs (4 ULG SLM Ne Se New deONGs w 9U Doe a MIN  OSEC We 
iOe4 RECURUS PROCE>oriis SIAR? [EMER [O28 HRS GML els, 8 19775 
RECUKDS/HUUR= & 

244 RECORDS wekt OUTSTOc THE RANGE 960 TO 1040 MB. AND WERE 
DELETED « 


PARAMETER UNLTS MEAN STO «DEV. MAX « MIN. 
PRESSURE MILLIBARS 1014.87 7.74 F024 028 1004 50 


SIAI LON, RESOLUTE Bea etiNoT RUMEN / TAPE NONE 
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O RECORDS WEKe OUTSIDE THE RANGE 950 TO 1040 MR. AND WERE 
DEEN ED). 


PARAMETER JNITS MCAN STDeDEV. MAX MINe 
PKESSURE MIRLIBARS "1010-59 6-99 1025-40 1006-10 


Sa . 


Table 11 (Cont'd) : Basic statistics of pressures. 


STATION: © CH YORKE«  INSTRUMENT/ PARE eo TG2d 
LATS 73 DEG 435. MIN LO "SEC Ne. LONG’  “d2 DEG 45° SIN (0 Sec 
456 RECORDS PROCESSE(). START TIMES 14345 HRS GMTe 21/ 8 1977. 
KECORDS/HOUR= c 
U RECORDS WERE OUTSIDt THE RANGE 960 TO 1040 MB. AND WERE 
UCLETEDe 


PARAMETER UNITS MEAN STDeDEV. MAX. MIN. 
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Demieniccs 


PARAMETER UNI1S MEAN STOeDEV. MAX. MIN. 
PRESSURE MILLIBARS 1015.58 7-06 4024.74, 1005.77 
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Regressions of both Resolute wind and Cape Anne wind on calculated 
geostrophic winds (which are essentially easterly or westerly), caused by 
pressure differences between these two stations, are more reasonable - both 
are positive regressions and both are highly significant. Winds at Cape 
Anne are more closely related (r2 = 0.76) to geostrophic winds than are 
winds at Resolute (r2 = 0.50). A close examination of the regression 
parameters reveals that, theoretically, in the absence of a N-S pressure 
gradient between these two stations (i.e. the calculated geostrophic wind 
is zero), a strong residual flow of air from the west persists at both 
stations. This flow, if it is real, presumably arises through some 
mechanism other than geostrophic flow. It is also possible that the 
residual flow is an artifact caused by errors in the absolute pressure 
difference between these two stations. It has been mentioned previously 
(3.2 above) that problems were encountered in the calibration of the 
pressure gauges due to apparent temperature sensitivity of the pressure 
sensors. Thus, errors in the absolute pressures measured by these gauges 
(i.e. at Cape Anne) might occur, and a simple calculation reveals that an 
error of 2.38 mbar in the absolute pressure difference between Resolute 
and Cape Anne would, almost completely, account for the residual flow at 
both stations. 


5. SUMMARY 


The direction distribution of winds at Resolute during the period of this 
study was typical of the ten-year averages. Winds in eastern Barrow Strait 
(Rodd Bay) and Lancaster Sound (Cape Charles Yorke) tend to be strongly bi- 
directional in character - few winds are found with directions outside the 
E and W quadrants. Winds in the central Barrow Strait region are more 
variable in direction. A reversal of the E - W wind component, from 
predominantly easterly to westerly wind directions, occurred throughout the 
region in late August. Power spectra indicate that the highest spectral levels 
were found at the lowest resolvable frequencies, and no significant activity 
at the diurnal or semi-diurnal frequencies was found. Most stations (excluding 
Resolute and Griffith Island) showed larger spectral levels at low frequencies 
for the E - W component than for the N - S component. 


Winds at Resolute become less representative of local winds as distance 
from Resolute increases. Comparison of winds at Somerville Island (33 km from 
Resolute) with those at Resolute indicate that the wind field at Resolute may 
be strongly influenced by local topographic features. Wind speeds at Resolute 
are generally higher than those observed at other stations in the study area, 
with the exception of Cape Charles Yorke and Griffith Island. Statistical 
analysis indicates that the correlation between Resolute winds and those in 
eastern Parry Channel decreases rapidly as the distance from Resolute increases, 
and that E - W components correlate much better than do N - S components. 
Examination of the time series plots of the wind components suggests that, for 
longer-period (greater than approx. 3-4 days) wind variations, the surface 
wind at Resolute may be a useful predictor of simultaneous winds in eastern 
Parry Channel, particularly if the influence of the local topography at both 
Resolute and the predictand site are taken into account. Further analysis of 
the data set seems warranted to determine both the relevant frequency range 
and reliability of such predictions, should they be possible. 
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It should be noted that the data presented in this report are of limited 
usefulness in predicting or assessing weather conditions over open water in 
the study region, simply because all the stations sampled are at shoreline, 
or even inshore locations, and thus measurements taken are not truly 
representative of conditions over water. 


Atmospheric pressure information was limited to a measurement period of 
9 days, but significant correlations were found between recorded winds at 
Cape Anne and Resolute and the calculated geostrophic wind caused by pressure 
differences between those two stations. 
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Appendix 1B : Joint frequency distributions of wind speed and direction 
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APPENDIX 2. CORRECTION OF WIND SPEEDS TO THE STANDARD 10 m 
ANEMOMETER LEVEL. 


For a neutral atmosphere, the vertical gradient in the mean wind 
speed (z) is inversely proportional to the distance above the ground (2) 
with the following relationship (Businger, 1973) 


am _ (r/o)? tas iy aaa (1) 
OZ ie 


K = 0.35 is von Karman constant 
t 1s the wind stress, and 
po is the density of air (1.25 x 10°? gm/cm3) 


where 


Integrating equation (1) yields 


ur =<G@/o)? ineZ + C an fn Ata’ (2) 
K 


where C is an integration constant. 


For the case where Z = 10 m, & = Z%yQ 


C. Sees («o) In (10) ue a (3) 


Therefore, equation (2) becomes 


ing thee ee (fo) * In (2/10) ry 9 (4) 


Making use of the bulk drag coefficient, Cy 


Equation (4) can then be rewritten as 


Zo = UL 1 -Ap tn (2/10)] a 2% (5) 
K 


Over water, a good approximation for the drag coefficient is Cp = 1.5 x 107? 

(Pond, 1973). The correction factor (k) for each station in the Study is 
Ayn) Se 

where K = 1 - 0.11- Zn (2/10) 
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ABSTRACT 


This report describes the achievements and pitfalls in transferring syn- 
chronized Loran-C time of arrival measurements from inland transmitters to 
the coast of British Columbia. A helicopter and a truck were used to tran- 
sport Loran-C rho-rho monitor equipment. Loran-C propagation travel times 
were measured and phase lags were derived from these measurements. 
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INTRODUCTION 


One aim of the calibration of the West Canadian Loran-C Chain was to 
infer the effective impedance of the land path from the transmitter to the 
service area by making radio wave travel time measurements over known dis- 
tances along radials from the transmitters. The method is to: 


1) Synchronize the Loran-C rho-rho receiver at a point of known 
coordinates close to the transmitter, at some 20-50 km distance, 
finding the synchronization constant At from At = i Ad (Ad is 
small so that errors of v have small effect on At). 


2) Move to a coordinated point far from the transmitter, at several 
hundred km distance, and measure the travel time of the radio wave 
to that point. Find the mean velocity from v = D (0 and T are both 

large so that v is accurately determined). 


3) Select reasonable values for conductivity and permittivity, defin- 
ing impedance, that produce this velocity when used in Johler's 
equations (Reference 1). 


This value of impedance can then be used to predict the ''Additional 
Secondary Correction'' over land propagation paths that have similar geology 
and topography. 


HELICOPTER OPERATIONS 


A Canadian Coast Guard (C.C.G.) helicopter was used to make the first 
set of travel time measurements between the transmitters at Williams Lake, 
B.C. and George, Washington, and the coast. Being able to fly from the coast 
to the interior minimized the time spent travelling and made access to remote 
mountain top monitor sites easy. 


EQUIPMENT 
The following equipment was installed in a Bell 212 helicopter: 


l United States Coast Guard Loran-C Monitor System consisting of: 


Austron 5000 Monitor Receiver 

PDP 8 e computer 

5062C Cesium Frequency Standard 

SO061A Cesium Frequency Standard 

Phase Comparator and strip chart recorder 
Uninterruptable Power Supply Unit 

Static Inverters 

Silent 700 Data Terminal 

9-ft. whip antenna c/w with base. 
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] 3.5 Kilowatt Gas-Powered Generator. 


These instruments were fitted in two shock mounted racks placed between 
the passenger seats and the pilot and engineer. When airborne,electric power 


was supplied from the helicopter's 28 volt (D.C.) system. The Loran-C equip- 
ment drew more than 90 amps and it was necessary to rig forced air ventilation 
to cool the inverters that provided the 110 volt (A.C.) power. When monitor- 
ing on the ground power was supplied by a 3.5 kilowatt generator. 


FIELD WORK 


The equipment was fitted in the C.C.G. helicopter on March 3rd, 1977, 
and a test flight made the next day. On March 5th (day 64), the first set of 
travel time measurements was started at survey station BOLE on the Institute 
of Ocean Sciences, Patricia Bay (1.0.S.P.B.) wharf. The helicopter then left 


for Williams Lake. Although synchronization was maintained during the trip; 
problems were experienced with excessive signal strength on arrival at 
Williams Lake, probably due to the antenna configuration or to grounding. It 


was not possible to re-acquire the signal and synchronization was lost. 


Eventually synchronization was re-established at a geodetic station on 
Mount Alex Graham. Measurements were also made at an alternate site, 
Meldrum Creek and at Williams Lake Airport. After two full days in the 
Williams Lake area, the helicopter returned to Victoria, maintaining syn- 
chronization en route, thus establishing the travel time of a Loran-C pulse 
to Patricia Bay (station BOLE). 


To measure the travel times to George, Washington, synchronization was 
re-established at Patricia Bay. The helicopter left for Wenatchee on 
March 9th. A night was spent in Seattle waiting for the weather to clear in 
the mountains. Synchronization was maintained throughout this part of the 
operation and travel times were measured in both directions. Lt. R. Armstrong, 
U.S.C.G., accompanied the party when in the Wenatchee area. 


The T.0.A. measurements were made with a whip antenna placed at the 
station, connected to the helicopter installation by a long (up to 200 ft) 
length of Twinnax shielded cable. In order to maintain synchronization the 
following take-off routine was established: 


clamp the gain on the receiver, 

halt the computer, 

switch to helicopter power from shore and auxiliary power 
(the U.P.S. maintains continuous power to the receiver), 
restart the computer within 5 minutes of halting it, 
remove gain clamps, re-acquire signal, 

note T.0.A. to check synchronization, 

clamp the gain on the receiver for the flight, 

take in the antenna and auxiliary generator, and, 

up, up and away. 
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This elaborate routine was necessary as the 1500 v.a. U.P.S. failed at 
Williams Lake and was replaced by a 500 v.a. U.P.S. generously lent by the 
station manager at the transmitter. Only the receiver and not the computer 
could be supplied with continuous power from the 500 v.a. U.P.S. 
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PROCEDURE 


The operating procedure was to land some 20 m away from the known point 
(usually a geodetic marker) at which we intended to measure the Time of 
Arrival (T.0.A.); set an 8' whip antenna with Austron base coupler on a ply- 
wood board on top of the marker; and connect to the Austron system in the 
helicopter through about 100 m total length of Twinnax antenna lead. The 
balance of the lead-in over that needed to reach the antenna was coiled on a 
reel of about 20 cm. After allowing the Austron to reach a steady reading 
and then recording for about twenty minutes, we disconnected the antenna, 
reeled in the Twinnax and flew to the next observation point. The receiver 
and frequency standard were kept ''hot'' in order to maintain synchronization, 
but there was no point in trying to track the Loran-C signals while flying. 


EFFECT OF HORIZONTAL ANTENNA LEAD-IN ON PHASE MEASUREMENTS 


We observed at geodetic station LEWIS, some 30 km from the George, 
Washington transmitter, on 10 March 1977. 


After taking readings on top of the marker we moved the antenna 200 ft. 
(60 m) towards the transmitter, expecting to see the correspondong 0.2 us 
decrease in T.0.A.; instead the reading increased by 4.3 us, and the cycle 
number went from 3.00 to 3.26. When we replaced the antenna on the geodetic 
marker, this time with 200' of Twinnax unreeled and snaked out on the ground, 
the reading was unstable. 


The following day, 1] March 1977, we made four sets of measurements 
with the antenna lead in various directions relative to the direction of the 
transmitter, to explore this problem. 


Three sets were observed at Pangburn Field and Lewis, about 50 and 30 
km respectively from the Y slave transmitter at George, Washington, and the 
fourth set was observed at Patricia Bay, B.C., 300 km further away. These 
observations are summarized in Figures 2 - 5 and Tables 1 - 4. 


At the close-to points the T.0.A. reading increased by up to 5 us when 
the antenna lead was laid out towards the transmitter, (but not exactly half 
a cycle); at the distant point the change was only 0.1 us. But in every 
case the reading increased when the antenna was moved towards the transmitter 
where the T.0.A. should in fact have decreased. 


In conclusion, readings taken with a remote ship antenna connected to 
the receiver by a long shielded lead-in are unreliable, particularly when 
close to the transmitter. Two possible explanations are that the lead-in is 
acting as a sleeve antenna; and/or that it is re-radiating the signal back 
into the whip. 


Various solutions were considered, including changing from a whip to 
a loop antenna, or using a coupler with gain to increase the strength of the 
signal from the whip compared with any signal that might be picked up by the 
lead-in. Finally we settled on the safest solution, and mounted the receiver 
in a van with a whip antenna on the roof, as central as possible and 
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CYCLE NO: GAIN SAMPLE NO. REMARKS 


Before 1450 ; 25 633.54 Overnight location. 
1/2 cycle shift on lay- 
38.34 


1507 3.0 ing out AC in direction 
offimind 

1520 2.92 33.60 
Lead-in forming a loop 

1530 3.01 34.20 on the ground. * 
Readings unstable. 

1607 (2.96) 33.76 Many ''gain error'! 


Unstable Unstable |messages 


* When lead-in was flaked out in a series of small bights (loops), the 


reading became more stable. 
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Measurements at LEWIS, 
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Observed on 11 March 1977,0930-1050 P.S.T.(1730-1850 Z) 


Table 2 
POSITION CYCLEINO. SAMPLE REMARKS 
1740 3305 250572462 No ground. Stable 
1745 3.05 72.68 Ground. Stable 
1751 3.09 74.75 No ground. Unstable. 
17553 3.09 pA Ground. Stable 
1805 Fluctuating No ground. Unstable. 
1810 3.08 42 72.81 Ground. Stable. 
3.07 42 7248 No ground. 
3.14-3.29 45 | 74.68-74.58 No ground. Unstable. 
1824 3.09 74.19 Ground. Stable. 
1830 bred: 74.80 Ground. Unstable. 
1836 3.19 L5ah2 No ground. 
1845 3.07 72.54 Ground. 
1859 3.06 22252 No ground. 
Note - All readings taken in a hurry, due to need to return to base before 


dusk.- (Uise. to Sidney, B.Ce) 


"Ground'' was a short metal rod, approximately 50 cm, attached to the 
antenna coupler. 
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FIGURE 4 
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Second Set of Measurements at Pangburn Field, 


Wenatchee, Wash, #2 


#1 to 5 are antenna position numbers, 

All antenna positions were 

40 feet from the port door 

of the helicopter, He / 


Rea ee ae 2 elicopter 


Helicopter heading 290°mag. “y 


He 
3 
Observed on 11 March 1977,1124-1220 P.S.T., 
Table 3 
(Z) | POSITION CYCLE NG. GAIN | SAMPLE NO. REMARKS 
| 3.00 54 =| 25634.10 | No Ground. Unstable 
1 2.91 EB ard 33.8 Ground A. Unstable 
l 3.02 53 34.14 | Ground B. Stable 
2 3.00 Oe ad 33.89.) aly Ground, 
2 2.94 hg 34.4 | No ground. Unstable 
3.9: 2153 53 37 330 | No ground. Unstable 
\ 4 Phe 58 36.25 r Insufficient time to 

settle. 
5 2.9 48 33.8 Insufficient time to 

settle. 


"Ground''was a short metal rod attached by copper wire to the 
base coupler of the antenna. 


FIGURE 5 
Measurements at the Helicopter Base, 


Patricia Bay,B.C. #2 
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Observed on 11 March 1977,1630-1730 P.S.7.,in light rain. 


Table 4 
TIME(Z) | POSITION | CYCLE NO.| GAIN | SAMPLE NO. REMARKS 
2355/11 | Rc hee inka eh ae See cy, No ground. 
0005/12 } l cea vi ae 58.32 Ground. More stable with 
| ground. 
0015 ) 2 sige. 77 58.36 No around.) More stable 
0020 2 al] Pe 75 58.33 (| S.Ground.. with gnd.** 
0030 | 3 ress 7 76 58.31 | No ground. 
0040 | 3 | hate 7 75 58.32 | Ground. } le 
0050 h | 7.20 pe /S 58.22 |) On concrete. Unstable** 
close to ‘copter tail. 
0103 5 | 3 ty tye 7.6 56 32 On concrete. Unstable** 
{ { 
0115 | 6 ere ae Bee, in bey 
0125 | ix baa m18 | fay 7k 58.21 
0130 8 | Sn Aaah he ge 58.21 
0143 | y hee 9.18 | | 75-79 58.27* | 183 ft. towards Tmtr. 
0155 | 10 3.18 | 74 ts Bids 183 ft. away from Tmtr. 
Notes: i 


* Sampte No. should have increased 0.3 us going 100 m from pos'n 9 to pos'n 
10. In fact it decreased OQ.1 us. 


*“* Readings tended to be less stable at pos'ns 2, 4, 5, where lead-in is nor- 
mal to direction of Tmtr. However pos'ns 4 & 5 were close to tail of ‘copter. 


''Ground'' was a short metal rod attached by copper wire to Ac coupler. 


immediately over the receiver. Thus the lead-in was near the "electrical 
centre'' of the van; it was nearly vertical; it was reduced to the minimum 
length; and it was shielded by the metal body of the van. With this set up, 
we could detect no change in reading when we changed the orientation of the 
van with respect to the direction of the transmitter. 


TRUCK OPERATIONS 


The availability of a helicopter made it easy to reach mountain-top 
geodetic survey stations; which during the early spring in British Columbia 
are otherwise inaccessible. However, the antennae configuration used for 
monitoring from the helicopter gave intolerable uncertainties to our measure- 
ments, and it was necessary to bring the Survey positions to the vehicle. The 
survey positions near Williams Lake, B.C. were defined by doppler satellite 
positioning, and the vehicle was a Ford 1I-ton truck. 


The Truck 


The truck which was fitted with a custom built cab was designed to pro- 
vide mobile electronics support for hydrographic survey parties. Electrical 
power was supplied from a four kilowatt (kw) gas-powered generator at 100 
volts (v) A.C. or from mains power. The generator was mounted in a sound- 
proof compartment, set into the cab, and with access from outside the vehicle 
only. This generator ran equally well when the truck was moving as when it 
was stationary. The cab was sheathed with aluminum siding over a steel frame. 
The siding had riveted joints at the corners and between sheets which made 
good electrical contact. The cab was bolted to the chassis. The interior of 
the cab was sheathed with plywood and fitted with a work bench and equipment 
rack tiedowns. Ventilation was provided from two roof mounted vents. No 
other provisions were made for cooling or heating the cab. 


This truck was close to being ideal as a mobile monitoring vehicle for 
Loran-C calibration. It provided a good electrical shield for the Loran-C 
receiver. The flat aluminum roof made a much larger ground plane for the 
antenna than was available in the helicopter operations. Only a very short 
antenna run was needed between the notch filter array and the antenna. The 
generator set provided adequate, good quality power. Good grounding was 
easily obtained by connecting ground stakes to the truck's main frame. 


Loran-C Receiver Equipment 


The following Loran-C monitor receiving system was installed in the 
truck = 


Austron 5000 monitor receiver; 

PDP 8e computer; 

Y.-S. Ces POLGH 14 Leer wail hay 

Deltec uninterruptable power supply unit; 

Line conditioner; 

Cesium Frequency Standard HP 5062C; 

Cesium Frequency Standard HP 5061A (belonging to the Canadian Coast 
Guard); and, 

| Antenna coupler, with 10 feet of 100 ohm balanced Twinnax cable. 
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The receiver and cesium frequency standards were mounted in racks with shock 
absorbers. Two antennae were used during these operations: ‘ 


| Fibreglass 9-foot whip antenna; and, 
1 Stoddart Loop antenna, with matching transformer. 


The Austron 5000 receiver was the U.S.C.G. instrument that served us 
well throughout the rest of the calibration. The notch filter array was made 
up by the U.S.C.G. to eliminate the interference conditions experienced at 
Comox, B.C. The uninterruptable power supply unit was essential to provide 
continuity in synchronization when power sources were changed from mains to 
truck generator. Two cesium standards were carried. The availability of the 
second cesium standard allowed checks to be made on the standard actually 
in use. Shielded Twinnax cable was provided by the U.S.C.G. and the shortest 
possible run was made between the notch filter array and the antenna coupler. 


Both a whip and loop antenna were used during the truck operations. They 
were mounted on the roof of the truck. The whip antenna was used to sense the 
'E' field of the Loran-C transmission and make T.0.A. measurements. The loop 
antenna was also used to make T.0.A. measurements sensing the ‘'H' field. 

These 'H' field T.0.A. measurements are, of course, 90° (or 2 1/2 usec) 
advanced when compared to the 'E' field T.0.A.'s. The U.S.C.G. uses the 
Stoddart loop antenna, which has a gain of about 10 db less than the whip, 

to make field strength measurements. The loop, when its plane is perpendi- 
cular to the wave front, senses maximum signal strength. The signal strength 
decreases as the loop is turned through to 90°, where the plane of the anten- 
na is parallel to the wave front. From this minimum the signal strength 
increases producing an absolute cosine form, maximizing again at 180°. There 
is approximately a 5 usec (1/2 cycle) change (usually an increase) in T.0.A. 
as the plane of the loop is turned parallel to the wave front. The cycle num~ 
ber given by the U.S.C.G. monitoring system, which gives an indication of the 
point at which the T.0.A. is sampled within the Loran-C pulse, also changes 
as the loop is turned through the wave front. 


The several measurements made using a loop antenna can give a qualita- 
tive appreciationof a monitoring site. If, as the loop is turned through 
360°, the signal strength measurements are symmetric, and if, as the loop 
passes through 90° and 270° the half cycle change is clean; then the site can 
be assumed to be a good one. However, if the measurements are distorted it 
can be implied that locally, the phase and/or field strength of the signal 
are warped. 


Measurement Techniques 


The causes of assymetry in the loop measurements can often be easily 
identified, e.g. power lines, tall trees, or even telephone lines.2 When 
sites were selected to make phase measurements using a Decca frequency 
(127.5 Khz) the following distances from obstructions to the antenna were 
suggested in order to avoid phase distortion: 


Tall trees 100 m 
Power lines 200 m 


Telephone lines’ 100 m.2 


2 


Even more stringent criteria were used for Loran-C time difference measure- 
ments by Pearch and Walker. The general principle béing to avoid electro- 
magnetic scatterers. 


Although a site may have no obstructions close by, topographic varia- 
tions distort the phase and amplitude of the wave. Major features such as 
Death Valley, produce major discrepancies between observed and simply 
predicted T.0.A.'s.2 Relatively minor isolated topographic features with 
a relief of less than 300 m can cause changes of 5 usec from simply predicted 
T.D.'s over a distance of only a few kilometres. These large differences 
were measured with a whip antenna; a loop antenna proved to be less sensitive 
to topography. Brunavs modelled a gaussian ridge with 1000 m elevation above 
a plane earth. The model predicted a phase lag of more than 2 usec on the 
lee side of the ridge. 


The surficial geology of the monitoring area also influences measure- 
ments. Phase and field strength measurements change with ground conductivity. 
If the monitor site is close to a major geologic interface, a conductivity 
boundary will also exist. The coastline is, of course, the most dramatic 
example of such a boundary. If the propagation approaches a coastline site 
from landward there is, theoretically little effect on phase measurements. / 
Measurements made from a transmission approaching from seaward are more 
likely to cause problems. In general, areas of major conductivity change 
should be avoided by a distance of at least a wavelength. 


Preliminary Tests 


Some preliminary Loran-C T.0.A. measurements were made in the Victoria 
area to gain experience with truck operations. A site was selected on the 
Saanich Peninsula, near Saanichton, north of Victoria (see Figure 6). Moni- 
tor site selection in coastal B.C. is difficult. The topography is dramatic; 
and the flat areas that are accessible to a truck carrying delicate electronic 
equipment are generally close to civilization with its power and telephone 
lines. The site chosen was a tree farm, with young firs about 4 feet tall, 
well below the antenna ground plane. This plane was 3 miles from hills with 
about 1000 ft relief, but a little less than 2 miles from the coast. The 
nearest power lines (220 v domestic supply) were over 600 ft away. 


After the experience with long wire antenna lead used in the helicopter, 
the first test to be conducted was to establish if the whip antenna, receiver 
and truck combination responded with relative accuracy to vehicle movement. 
The truck occupied four different positions with no relative coordinates. 
T.0.A.'s were measured at these four positions with truck pointing at the Y 
secondary for each measurement. The Y secondary has the strongest signal in 
the Victoria area. 


The following table shows that movements measured with Loran-C in the 
truck, although by no means excellent, fall within usual Loran-C repeatability 
tolerances. 
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Figure &. 


Table 5. Response to Truck Movement. 


Tape and Compass Loran-C 
azi. dist. azi. dist. 
Ms 0 0 0 0 
Zz 097* LO m 106° 30 m 
3 29 ]° 52 m ce ie 76 m 
4 002° 127 m 006° 140 m 
Ie 0) 0 204° 9m 


Next, the effect of the attitude of the truck, relative to the wave 
front, on T.0.A. measurements was considered. Sets of measurements were made 
with the truck pointing toward eight points around the compass. Table 6 
shows the changes of T.0.A. relative to zero, where the truck was pointing at 
the Y secondary. 


Table 6. Response (m/sec) to Truck Turning. 


Angle Master Y 

000 0 0 pointing at Y 

O45 0.01 0.01 

090 0.01 0.02 

35 0.01 0.02 

180 0702 0.03 

225 0.02 0.0] 

270 05:03 0.03 pointing at Master 
215 0.03 0.02 

000 0.03 0.03 


Again, the changes in T.0.A. on this test are within the tolerances 
usually accepted for Loran-C transmission. No cyclic effect is apparent 
But to ensure repeatability after this test all operational measurements 
were made with the truck pointing at the transmitter of interest. Similar 
sets of measurements were made at our monitor sites near the transmitters. 
Some variations of T.0.A. with the truck's attitude relative to the wave 
front became apparent when making measurements close to the transmitters. 
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Table 7. Response in (usec) to Truck Turning close to Transmitters. 


Master ¥ 
400 kw (nominal, 1200 kw (nominal, 
abt 30 kms) about 32 kms) 
000° 0.00 0.00 
045° -0./01 -0.03 
090° 0.03 Geel 
¥55% 0.03 0.04 
180° 0.04 0.00 
L250 0.04 
270° 0.03 
phew =O"01 
000 0.00 


The effects of turning are slightly larger than at great distances from 
the receiver, but they are still not excessive. Grounding the truck appears 
to advance the T.0.A. by about 0.02 usec. This change is derived from sets 
of T.0.A. measurements and is statistically significant. A similar response 
to grounding was obtained in both the damp marine clay at Saanichton and in 
the dry basic sand near Moses Lake. Throughout this test T.0.A. measure- 
ments were made without a ground on the truck. 


In summary, the conditions, under which the principal T.0.A. measure- 
ments were made are: 


1. Whip antenna; 
2. Truck pointing at transmitter of interest; and, 
3... \4No. .ground, 


Field Work 


The main calibration was a sea-going operation and the travel time 
measurements from the transmitters to the coast had to be tied into the 
T.0.A. measurements made in the ships. Therefore, the first operational 
monitor site to be occupied was Station BOLE at Patricia Bay, the departure 
point for the ships (see Figures 7 and 8). Unfortunately this site is far 
from ideal for making T.0.A. (or field strength) measurements, but it served 
adequately to transfer synchronization from the land to the sea part of the 
calibration. The site at Patricia Bay was used several times with the truck. 
The conditions of measurement varied with each occupation as ships came and 
went, or aS power supplies to the wharf were switched on or off. 


The other site used for monitoring the Loran-C in the Victoria area was 
Mount Tolmie, a geodetic survey station, at the top of a dioritic knob with an 


elevation of 150 m. 


On the 27th of May 1977 the calibration party left Victoria for Wenatchee, 
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Cycle Number 


3638 
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Washington to make measurements near the Y secondary transmitter at George, 


Washington. To put the Loran-C receiver into travel status was simple. The 
procedure follows: 


1. If using mains power, start the truck's electric generator. 

2. Using the uninterruptable power supply to maintain continuity of 
power and synchronization, throw the breaker from mains to truck 
supply. After the generator has settled down under its new load, 
remove the mains supply cord. 

3. Make sure the receiver nominal gain and ambient gain are the same. 
Clamp the receiver gain within, say, 6 db. 

4. Remove the antenna. When travelling near the transmitter a short 
length of copper wire (1 ft) will serve as an adequate travelling 
antenna. Using this substitution allows the signal to be tracked 
whilst on the road. 


On arrival at a monitor site the procedure was reversed. Travel from 
Victoria is complicated by the need to use a ferry.. Gas engines cannot be 
run inside car ferries but there are several 110 v, 60 htz. power outlets 
available on B.C. ferries. Both United States and Canadian Customs and 
Immigration officials were most helpful on every occasion we crossed the 
border. 


With the aid of Lt. R. Armstrong, U.S.C.G., T.0.A.'s were measured at 
five sites in Washington State. See Figure 9. A U.S. Geological Survey 
Station near Moses Lake, 32 km from the transmitter, was selected as the 
primary site. Measurements were made over an eight hour period for T.0.A. 
At this station the truck was turned through 360° with measurements being 
made every 45°. Using the whip antenna, similarly, with the truck pointing 
at the station, sets of T.0.A.'s were measured every 45° as the loop antenna 
was rotated. The data in Table 7 show that the effect of turning on T.0.A.'s 
was found to be greater near the transmitters. As was experienced in the 
helicopter excursion, the near field effect, due to great signal strength, 
exaggerates phenomena which cause only small errors when at a long distance 
from the transmitter. A thunder shower occurred at the transmitter in mid- 
afternoon. This shower caused a 0.15 usec jump in our T.0.A. readings. The 
T.0.A. reading returned to its previous state after the shower had passed. 


A second monitor site was occupied east of Moses Lake, about 52 km from 
the transmitter. This site, Station Wheeler, was considered to be outside 
the near field because; 1) there was no response in the T.0.A. when turning 
the truck, and 2) loop antenna measurements were symmetric (see Figure 10). 
The second site was marked by a U.S. Geological Survey marker. Although not 
an ideal monitoring place the observations obtained here were extremely 
Stable. 


Two other sites, one east and one west of the Cascade Mountains were 
used to try to define A.S.F. Near Wenatchee, at Fancher Field, a full set 
of T.0.A. measurements was made. On the other side of the mountains, near 
Arlington, another set of T.0.A. readings was obtained. The fifth site where 
measurements were made in Washington was at Pangburn Field, Wenatchee. This 
site had been used during the helicopter excursion, and measurements were 
made to provide an additional tie between that operation and the truck trip. 
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On the return to Patricia Bay, the first operational monitor site was 
occupied four times in two days. The Mount Tolmie site was also re-occupied. 
Thus, as synchronization had been maintained throughout the trip, two inde- 
pendent loops had been measured. Also a clock rate had been established. 


A second trip was started on 2 June 1977 to make measurements at 
Williams Lake, near the master transmitter, This time a J.M.R. doppler 
satellite receiver was rented from Shell Resources, Calgary, to establish 
geographic coordinates for the monitor sites. The first monitor site in the 
Williams Lake area to be occupied was at River Ranch, 30 km west of the trans- 
mitter (see Figures 11 and 12). As we had to be at River Ranch for three 
days in order to acquire sufficient satellite passes, we had ample time to 
make our usual turning tests. It was also possible to investigate the 
effect of clamping the gain on the U.S.C.G. Austron receiver at levels other 
than the ambient gain level. 


Being only 30 km from the transmitter, measurements at the River Ranch 
site suffered from some near field effects. Therefore, another site was 
selected at Alexis Creek, 64 km west of the transmitter. Our attempts to 
make the usual measurements here were thwarted by problems with the truck's 
generator. Also, as the truck was not air-conditioned, the cesium standard 
controlling the receiver timing generated unstable output during some 
unseasonably hot weather. Synchronization was lost and the calibration party 
returned to Victoria, where further monitor measurements were made to esta- 
blish a good clock rate. 


Clock Rate 


Our measurements of travel time from the transmitters to the coast 
are entirely dependent on knowledge of the frequency offset (clock rate) of 
the cesium standard controlling the master's Loran-C transmission and of the 
mobile cesium standard. Therefore, the mobile cesium standard was treated 
with loving care and due attention, as it was hoped to keep variations from 
the known frequency offset (clock rate) to a minimum. The cesium standard 
at the master transmitter was kept in a stable environment, but the mobile 
one suffered from vibration, shock, temperature changes and changes in 
magnetic field. To avoid vibration and shock the cesium standard was 
installed in a shock mounted equipment rack. A short series of phase com- 
parisons between an H.P. 5061A and 5062C cesium standard were made during 
the truck journey along the gravel road from Alexis Creek to Williams Lake. 
This comparison was made using an H.P. 454 oscilloscope. The comparison 
showed no abnormal deviations in clock rate that could be attributed to 
shock or vibration. Further phase comparisons between the two cesium 
standards were made in the Victoria area. For these tests the truck with 
one cesium standard on board, was driven around the Victoria area, over a 
variety of road conditions, for a period of 3 hours. After the three hours 
of exposure to vibration, the mobile cesium standard was then compared for 
three hours to one that had been kept under stable conditions. Again no 
variation in clock rate that could be attributed to moving was discernible 
(see Figure 13). 


Excessively high temperatures inside the equipment units caused insta- 
bility in the frequencies generated by the cesium standards. During field 
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operations the outside temperature was only 24° Celsius. But the tempera- 
ture inside the truck was higher, and the temperature adjacent to the 
cesium beam was assumed to have exceeded specifications. Subsequent clock 
rating tests in Victoria, comparing the mobile 5061A with the master 5061A 
were made in a poorly ventilated room with a southern exposure. The room 
temperatures reached 32° C. The cesium standard did not itself indicate 

a frequency change until after a change in T.0.A. of 0.3 microseconds had 
occurred. Thus the T.0.A.'s measured from Williams Lake and from George, 
Washington showed a strong diurnal change and recovery. It is assumed that 
these changes in clock rate are associated with temperature changes that 
approach the cesium standard's specifications (see Figure 14). 


Earlier low temperature tests at the Bedford Institute showed good 
ventilation for the cesium standard is essential if the instrument iS. tO 
maintain a stable frequency when temperatures approach specification limits. 
At no time did the clock rates established during the calibration exceed 
the manufacturer's specifications with indicator lights functioning. 


DATA ANALYSIS 
Helicopter Data 
1) Master 


The T.0.A. loop using the helicopter was, in fact, only a single direc- 
tion. The receiver acquired the signals at Patricia Bay (station BOLE) but 
when the helicopter arrived at Williams Lake Airport the signals could not 
be acquired without loss of synchronization with the readings at BOLE. 

After that, the start-up procedures were modified to solve this problem. 

A loop from Williams Lake Airport to two nearby Geodetic points was attempted 
and satisfactorily closed back at Williams Lake Airport. The next day the 
T.0.A. was carried from Williams Lake Airport to BOLE at Patricia Bay. 


Table 8. 


T.0.A.'s - WILLIAMS LAKE (HELICOPTER DATA) 


Day Time Place Master T.0.A. Y-Slave 
067 1926 Williams Lake Airport 39951 .670 10849.860 
068 0140 Bole Eccentric 41102.795 9970.761 
Eco. Cot: .026 .290 
Bole 41102.821 9970.471 


The T.0.A. Loop with the truck, started at BOLE to geodetic TOLMIE in 
Victoria, then with a new synchronization from BOLE across the ferry to 
Tsawwassen to two doppler satellite points RIVER RANCH AND ALEXIS CREEK near 
the transmitter. At ALEXIS CREEK the system got too hot and the receiver 
lost the signal. The system re-acquired the signals and was moved to 
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Williams Lake Airport where it lost the signals again shortly after arriving 
there. 


Table: 9: 


T.0.A.'s - WILLIAMS LAKE (TRUCK DATA) 


Day Time Place Master Y-Slave 
152 1622 BOLE 27874.200 56642 .090 
152 1822 TOLMIE (ECC.) 27940.734 56578.778 
154 1502 BOLE 12746.717 41514.597 
154 1800 TSAWWASSEN 12596.158 41525.099 
157 0030 RIVER 11590.058 42357.354 
158 1030 ALEXIS 11701 .821 42476.902 
159 1000 ALEXIS 50354.409 21229.478 
159 2200 WILLIAMS LAKE AIRPORT 50246.099 21152.029%* 


* Based on very few, erratic values. 


The clock used for the helicopter and truck loop to George was the 5062C 
cesium, and for the truck loop to Williams Lake the 5061A cesium. The clock 
rate used for the 5062C was +0.24 microseconds/day based on the clock rates 
used on the ship-board calibration cruises. The clock rate used for the 
cesium 5061A was -0.35 microseconds/day based on clock rates at Alexis Creek 
and on intercomparison between the two cesiums during that period using an 
oscilloscope to note the phase difference of the signals. Other clock 
rates were, -0.213 microseconds/day at the motel during day 155, -0.155 on 
Master and -0.139 microseconds/day on Y-Slave at RIVER RANCH, -0.348 on 
Master and -0.401 microseconds/day on Y-Salve at ALEXIS CREEK before getting 
too hot, and -0.350 on Master and -0.545 microseconds/day on Y-Slave at 
ALEXIS CREEK on day 159. 


All the T.0.A.'s were reduced to a value to correspond to the ship at 
Patricia Bay wharf having a set value. 


Table 10. 
REDUCED T.0.A."s = WILLIAMS LAKE 
Location Master Y-Sltave 
Ship at Patricia Bay 13569.558 42337.478 
BOLE 13569. 30 233 7...35 
TOLMIE (ECC.) 13635.64 42273.87 
TSAWWASSEN 13418.78 42347 .89 
ALEXIS CREEK 12525.74 43300. 98 
RIVER RANCH 12413.48 43180.94 
Williams Lake Airport (by truck) 12417.61 43223.70% 
Williams Lake Airport (by helicopter) 12148.21** 43216.80 


* based on very poor observations. ** used as a check only. 
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2) Y-Slave 


The helicopter T.0.A. Loop to George went from BOLE at Patricia Bay to 
Bellingham to Wenatchee (Pangburn) Airport to LEWIS and returned with the 
same intermediate stops after losing synchronization part way though the 
readings at LEWIS. There was also an opportunity to clock rate overnight 
at Seattle (Boeing) Airfield. The clock rate was -0.1731 microseconds/day. 


Table ll. 
T.0.A.'s - GEORGE, WASHINGTON (HELICOPTER DATA) 


Day Time Place Y-Slave 

68 214] BOLEP ECC: Dor Behe 
68 2238 Bellingham 13624.251 
69 ISS Pangburn 12845.604 
69 2158 LEWIS 12784.641 
69 2230 LEWIS 25572.633 
70 0218 Pangburn 25633.708 
70 2216 Bellingham 26412.381 
70 2326 BOLE ECG, 26563 .640 


It was during this synchronization loop that it was found that moving the 
antenna had an adverse effect on the readings. In fact, it was suspected 
at the time that the readings were next to useless. It was for this reason 
that repeating the synchronization loops with the helicopter was suspended 
in favour of transporting the equipment by truck. 


The derived T.0.A.'s were adjusted by a clock rate of 0.07 microseconds/ 
day (based on loop closures within this larger loop) and to a set value for 
the ship at Patricia Bay. 


Table 12. 
REDUCED T.0.A.'s - GEORGE, WASHINGTON (HELICOPTER DATA) 


Location Y-Slave 

Ship at Pat Bay 42337.478 

BOLE 4233735 

Bellingham 42186.06 

Pangburn 41407.35 

LEWIS 41346. 38 

Pangburn 41407.45 closure value 
Bellingham 42186.06 closure value 


BOLE 42337.03 closure value 


The truck started from BOLE to TOLMIE (Ecc.) 
Tsawwassen Ferry Dock to the Thunderbird Mote] 
Wheeler to Pangburn Airfield (Ecc.) back to Thun 
went to Fancher Airfield near Wenatchee to ARLINGTON to Tsawwas 
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Table 13. 


T.0.A.'s - GEORGE, WASHINGTON (TRUCK DATA) 


147 1552 BOLE 

147 1829 TOLMIE Ecc. 
147 Pa WR BOLE 

148 1500 BOLE 

148 1813 Tsawwassen 
149 0940 Thunderbird 
149 2250 LEWIS 

150 1838 WHEELER 

15] 0014 Pangburn (Ecc.) 
151 1556 Thunderbird 
15] 1805 Fancher 

15] 2314 ARLINGTON 
bz 0303 Tsawwassen 
Lee 0624 BOLE 


Master 


27872.139 
27938.580 
270/202 


27872 .684 
27722:. 161 


28532..12) 
28591 .660 


28021.561 
2h) 23 723 
27973 .980 


in Victoria to BOLE to 
in Wenatchee to LEWIS to 
derbird Motel. 


Then the truck 


“gs lave 


56640.043 
56576.669 
56640. 305 


56640.573 
56651.154 
55742.136 
55650. 287 
55712.100 
55710.403 
55744 .190 
ewe ii he leet ¥ 
56278. 784 
56651 .77 

56641 .843 


sen to BOLE. 


Observed clock rates during this synchronization loop are shown in Table 14. 


SHORT TERM CLOCK RATES 


Day = Place 

148 Victoria 

149 Thunderbird Motel 

150 Moses Lake Hallmark Mote] 
LB Thunderbird Motel 


Clock rates derived from closure 
Table 15, 


Table 14, 


~ GEORGE, WASHINGTON (TRUCK DATA) 


Hours 


9 


on previously Occupied points are listed 


Y¥-Slave 


0.3729 microsec/day 


Ces Wi 
0.2377 


0.2200 


in 
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Table 15. 


LONG TERM CLOCK RATES - GEORGE, WASHINGTON (TRUCK DATA) 


Master Y-Slave 
BOLE-BOLE 0.3559 0.3487 microsec/day 
Tsawwassen- Tsawwassen 0.2550 0.1829 
Thunderbird-Thunderbird 0.9084 


There is obviously some discrepancy in the clock rates. Both times occupying 
the point at Tsawwassen and the second time at Thunderbird Motel were very 
short and perhaps the signals had not completely settled down on the proper 
tracking point within the pulse. The overnight clock rating at Thunderbird 
Motel on day 151 was at a different parking spot than for day 149 and in the 
morning the truck was moved into the previous parking spot for a few minutes. 


Thus the most reliable and consistent clock rates were the closures at 
BOLE and the clock rate at Victoria. Therefore, 0.35 microseconds/day was 
used. The reduced T.0.A.'s are given in Table 16. 


Table 16. 


REDUCED T.0.A.'s - GEORGE, WASHINGTON (TRUCK DATA) 


Place Master Y¥-Slave 

Ship at Pat Bay 13569.558 42337 .478 
BOLE 13569. 30 B23 Bie 30 
TOLMIE Ecc 13635.70 42337294 
BOLE 13569.47 42337 .52 
BOLE | 13569. 30 42337 .35 
Tsawwassen 13418.73 42347 .88 
Thunderbird Motel 41438.64 
LEWIS 14228 .28 4 1346.60 
WHEELER 14287552 41408 .12 
Pangburn(Ecc.) 41406.35 
(Pangburn) (41406.69) 
Thunderbird Motel 41439.90 
Fancher 41435.06 
ARLINGTON 13716.86 41975.10 
Tsawwassen 13419.41 42347 .32 


BOLE 13569. 32 42337 .35 
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Closure within the synchronization Loop with the truck should be noted. 
Table 17. 


LOOP CLOSURE - TRUCK DATA - GEORGE, WASHINGTON 


Place Master Y-Slave 
Thunderbird Motel 1.26 
Tsawwassen -0. 32 -0.56 
BOLE 0.02 0.00 


Comparison with synchronization Loop by helicopter should also be noted. 
Table 18. 


LOOP CLOSURE - HELICOPTER DATA - GEORGE, WASHINGTON 


Place Y-Slave 
LEWIS 0.06 
Pangburn -0.87 


Some explanation of the poor results is obviously required. We had expected 
closures to 0.1 microseconds and these closures are up to 12 times that value. 
As previously mentioned, some of the readings at the Thunderbird Motel and at 
Tsawwassen were for very short sampling periods where the receiver might not 
have settled down on the proper tracking point. At Pangburn Airfield the 
location of the truck and helicopter were different by 499 ft (152.1 m) and 
the close proximity of forest fire chemical tanks and a concrete block ser- 
vice building might have local effects. Also all readings taken with the 
helicopter have to be taken with "'a grain of salt''. 


Clock Synchronization 


1) Shoal Cove. Synchronization with the Shoal Cove secondary was effected 

by clock rating at Masset with the receiver in C.S.S. Parizeau (see reference 
#1). The mean T.0.A. of the Shoal Cove transmission was reduced by the 
theoretical transmission time to produce the necessary clock synchronization 
value. The theoretical transmission time is a function of the land conducti- 
vity since there is a small amount of land between Shoal Cove and Masset. 

The observed T.0.A. at Masset was 26220.72 microseconds at 18:20 GMT on day 
88. This was reduced by a clock rate of 0.2733 microseconds/day back to day 
82.00, the theoretical baseline travel time and coding delay, travel time over 
an all seawater path, and the theoretical A.S.F. The theoretical A.S.F. varies 
with land conductivity as given in this table: 


és 


Table 19. 


SHOAL COVE SYNCHRONIZATION - CONDUCTIVITY AND A.S.F. 


Land Theoretical ASF for 
Conductivity Masset on X-Slave 
0.0002 mho/m 1.92 microseconds 
0.0004 1.60 
0.0006 Tos 7 
0.0008 eee 
0.0010 1.10 
0.0012 Leo} 

0.0014 0.94 
0.0016 0.88 
0.0020 Dy gi 
0.0025 0» 71 


There is the possibility that the land conductivity could be some other value 
than the one selected. Since the conductivity is almost certainly within the 
range 0.0006 to 0.0020, the theoretical A.S.F. varies by 0.6 microseconds 

or 0.3 microseconds from a more central value. |! have chosen 0.0010 mho/m 

as the most likely value of the conductivity. The uncertainty in A.S.F. is 
directly connected to the uncertainty in the clock synchronization. 


Table 20 
SHOAL COVE SYNCHRONIZATION 


TeO td 26220872 
Sea water travel time 565.25 
Clock rate correction 1.85 


Baseline travel time plus 
coding delay  13343.58 


A.S.F. 1430 
Clock Synchronization 12308 .94 


The position of the ship at Massett was 54°-00'-33.383'' N, 132°-08'-58.063''W 
and at Patricia Bay it was 48°-39'-13.409!' N, 123°-27'-04.758"' w. 


2) Williams Lake & George. The positions of the antenna at the calibration 
points in the loops to Williams Lake and George are given in Table 21. 


i) 
I> 


Table 2] 
OBSERVATION STATION POSITIONS 


LEWIS 47°-11'-43.342" 119°-21'-25.970!' 
WHEELER 47°-07'-45.530!! 119°-04'-30.801"' 
FANCHER 47°-26'-59.819!"' 120°-16'-50.989" 
ARLINGTON 48°-1]1'-17.528"' 122°-09'-04.502"' 
BOLE 48°-39'-15. 336" 123°-27'-00.855" 
TOLMIE 48°-27'-25.186" 123°-19'-28.401"' 
ALEXIS CREEK 52°-07'-04.285"' 123°-16'-09.057"! 
RIVER RANCH 51°-53'-45.859"' 122°-47'-51.093'! 


The method was to reduce the T.0.A.'s at each calibration point by the sea 
water travel time plus the A.S.F., which is dependent on land conductivity to 
obtain the associated clock synchronization. The land conductivity that pro- 
duces the same clock synchronization at all the calibration points is deemed 
to be the one that is most suitable for the actual clock synchronization. 

In Figure 15, a graph of the clock synchronization versus land conductivity 
for the calibration points, the most likely value of the clock synchronization 
is 12309.90 which occurs at 0.0013 mho/m land conductivity. 


For George, the T.0.A.'s were further reduced by the theoretical base- 
line travel time and coding delay of 28927.37 microseconds and Figure 16 shows 
the resulting graph of clock synchronization versus conductivity. ARLINGTON 
is immediately to the west of the mountains and so the A.S.F. function, which 
assumes smooth terrain, does not account for A.S.F. due to the rough terrain. 
The A.S.F. due to rough terrain theoretically diminishes farther away from the 
roughness. Therefore, the A.S.F. for BOLE using smooth terrain is probably 
valid. The intricate Johler formula was experiencing difficulty computing 
secondary phase lag on long lines and low land conductivities and in fact 
would not compute reasonable numbers for land conductivities below 0.004 or 
for 0.0007. 


Therefore all the secondary phase lag tables for conductivities of 
0.0012 mho/m and lower were recomputed using the accurate secondary phase lag 
program written by Paul Brunavs for his March 1977 report on approximate 
formulae for secondary phase lag prediction. There were differences of only 
0.01 microseconds for conductivities between 0.0010 and 0.0006 and much larger 
differences at lower conductivites. 


The upswing at low conductivities for the longer lines in both Figures 
15 and 16 is worth noting. A study of the maximum secondary phase lag at con- 
Stant distance and constant permittivity occurs at a non-zero value of 
conductivity. For shorter distances it occurs at slightly lower conductivities. 
Therefore, it is the longest line that starts to swing up first as the 
conductivity is lowered followed by the next longest line and so on 


lt appears that the best land conductivity between LEWIS and BOLE is 
0.0006 and between LEWIS and ALEXIS/RIVER is 0.0008 mho/m. Because of the 
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reciprocity of phase lag that makes Millington's Method theoretically valid 
over smooth terrain, the same effective conductivity should have resulted in 
Williams Lake to LEWIS as in George to ALEXIS/RIVER. BOLE AND ALEXIS/RIVER 
intersects at land conductivity of 0.0015 for which the clock synchronization 
for LEWIS is 0.5 microseconds low. FANCHER AND WHEELER are even lower than 
LEWIS by 0.2 and 0,4 microseconds and | have no logical explanation why this 
has occurred. The clock synchronization constants and the land conductivities 
near the transmitters are given in Table 22. 


Table 22: 
CLOCK SYNCHRONIZATION AND LAND CONDUCTIVITY 


Clock Synchronization Land Conductivity 
Master 12309.90 microseconds 0.0013 mho/m 
X-Slave 12308 .94 0.0010 
Y-Slave 12309. 43 0.0006 


As a caution, these clock synchronizations are only valid during the survey. 
Following the survey the emission delays were changed probably three times 
prior to the commissioning of the chain. 


The travel time for transmissions to arrive at BOLE are, therefore, the 
adjusted T.0.A. (for clock rate) minus the clock synchronization also minus 
the emission delay for Y-Slave. 

Table 23. 


ADJUSTMENT OF TRAVEL TIMES TO BOLE 


Master Y-Slave 

Adjusted T.0.A. 13569. 30 42337 .35 

Clock Synchronization -12309.90 -12308.43 

Emission Delay =20 927001 

Travel Time to Bole 1259.40 1101.55 
Table 24 


OBSERVED TRAVEL TIMES AND A.S.F. (in microseconds) 


For Clock Synchronization Data see Table 22. 
Emission Delay for George, Washington is 28927.37 
microseconds and for Shoal Cove is 13343.58. 


Obs. corr: Cate! Obs. Ca'hes 
T..0.A. Te@cks ltrs Res oF. A. So. 


At RIVER RANCH 
to Williams Lake 12413.48 103.58 102.54 1.04 1302 
to George, Washington 43180.94 1945.14 1940.01 5.13 5.20 
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Table 14 (Cont'd) 


Obs. vorr”s Cale. Obs. Care. 
TrOvA? TAU. Lead Ato.rs Ae Ot 
AT ALEXIS CREEK 
to Williams Lake 12525.74 215.84 214.42 1.42 1.45 
to George, Washington 43300.99 2065.19 2060.01 5.18 5.33 
AT LEWIS 
to Williams Lake }4228.27 1918.37 1914.15 he22 4.2 
to George, Washington 41346.60 110.80 109.28 152 1.52 
AT WHEELER | 
to Williams Lake 14277.52 1967.62 1963.53 4.09 he2y 
to George, Washington 41408.12 172.32 170.98 1.34 1.86 
AT FANCHER 
to George Washington 41435.06 199.26 197e55 Vo 2.00 


AT ARLINGTON 


to Williams Lake 13716.35 1406.95 1403.83 Se 3.60 
to George, Washington 41974.39 738.59 734¢32 A 27 3.55 
AT BOLE (Patricia Bay) 

to Williams Lake 13569.30 1259.40 1256.58 2262 ZuGe 
to George, Washington 42337.35 1101.55 1098.04 3.51 3°37 
AT TOLMIE 

to Williams Lake 13635.64 1325.74 1322.96 2.78 2.90 
to George,Washington 42273.87 1038.07 1034.68 3.39 3. 0 
AT MASSETT 

to Williams Lake 14633.75 2322.00 2376.81 oA) tas 3.95 
to Shoal Cove 26220.72 566.35 565.25 1.40 be HO 
to George, Washington 45141.40 3903.75 3898.70 5.05 6. 36 
AT PATRICIA BAY 

to Williams Lake = 1259.66 1256.83 2.03 2.68 
to Shoal Cove a - - - - 

to George, Washington - 1101.67 1098.17 3.50 3.46 


CONCLUSIONS 

1. Time of arrival measurements of Loran-C signals are more art than science. 

2. If the length of lead-in cable is minimized, a whip antenna can provide 
adequate time of arrival measurements. In any case, excessive length of 


antenna lead-in cable should be avoided. 


3. Two cesium standards should be used when travelling to make phase lag measure- 
ments. They should be constantly compared through a phase comparator. 


ae 


4. Near field effects on T.0.A. measurements from a truck can be avoided at 
distances greater than 50 km from the transmitter. 


2. Terrain anomalies for T.0.A. measurements in mountainous areas are 
unavoidable. To derive phase lags for charting it may be necessary to 
observe T.0.A.'s at several sites and compute an average phase lag. 


6. The travel time of a Loran-C pulse from Williams Lake to Patricia Bay 
(BOLE) -TelzS9.40sec and A.S.F. 1s 2:82 ajsec. 


The travel time from George, Washington to Patricia Bay (BOLE) is 1101.55 
usecvand ther ALS.F. bey 305] usec. 
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